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Preface 


This book provides a comprehensive collection of IIT 
JEE physics papers. We have tried our best to generate 
authentic and ‘close to the original’ papers. They can 
be used for practice and revision. 

‘Phe question papers are arranged in reverse chronolog- 
ical order i.e., latest first. For each year, the examina- 
tion format is described in brief. The type of question 
asked in each paper and the marking schemes are also 
described (wherever possible). 

Each question starts on a aew page. This provide ex- 
amination like environment (computer based test). 
Answers are provided at the end of each paper. This 
will help in self evaluation, ‘To us, every problem, is 
a valuable resource to unravel a deeper understanding 
of the underlying physical concepts. We believe that 
getting the right answer is often not as important as 
the process followed to arrive at it. 

If a student seriously attempts all the problems in this 
book, he/she will naturally develop the ability to ana- 
Лузе and solve complex problems in a simple and logical 
manner using a few, well-understood principles. 

‘The IIT JEE problems fall into one of the nine cate- 
gories: (i) МСО with single correct answer (ii) МСО 


iv 
with one or more correct answers (iii) Paragraph based 
iv) Assertion Reasoning based (v) Matrix matching 
(vi) True False type (vii) Fill in the blanks (viii) Inte- 
ger Type, and (ix) Subjective. Each paper has sections 
according to the categories, 

If you can't solve a problem, give it a retry before re- 
ferring to the solution, This will help you identify the 
ical points in the problems, which in turn, will ac- 
celerate the learning process 

We would be glad to hear from you for any 
suggestions/corrections on the improvement of the 
book. This book has a companion website, 
wu. concepts-of-physics. com. 

Many friends and colleagues have contributed greatly to 
the quality of this book. First and foremost, we thank 
Dr. Н. С. Verma, who was the inspiring force behind 
this project. Our close friends and classmates from IIT 
‘Kanpur, Deepak Sharma, Chandrashekhar Kumar and. 
Akash Anand stood beside us throughout this work. 
work would not have been possible without the 
constant support of our wives Reena and Nandini and 
children Akshaj, Viraj and Maitreyi. 


Jitender Singh, jsinghdrdotgnail.com 
Shraddhesh Chaturvedi, shraddhesh8¢gnail „сов 


Contents 


IIT JEE Year Page 
2018. 1 
p M А а м 
2016......... 109 
Шан ааа 162 
2014. 216 
2013 " 269 
За зи 

зат 
200.5... ss. CERDO I 
p ee ml singe RO? 


CONTENTS vi 


CONTENTS 


vil 


. 1387 


1421 
1456 
1484 
1514 
1550 
1504 
1635 
1674 
ати 
1754 
1799 
1836 


1874 


. 1803 


CONTENTS 
1978. 


IIT ЛЕ 2018 


IIT JEE 2018 was a two stage examination (i) JEE 
Maius by CBSE and (ii) JEE Advanced by JAB. There 
were two papers in JEE Advanced, namely (Advanced) 
Paper 1 and (Advanced) Paper 2. Each of the pa- 
pers has three separate parts for physics, chemistry and 
mathematics. JEE Advanced was a computer based 
test. 
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(Advanced) Paper 1 


‘The physies part of the paper contains 18 questions of 
total marks 60. ‘The questions are divided into three 
sections (1) multiple correct answers type (2) mmerical 
type and (3) paragraph type. 
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One or More Option(s) Correct 


‘This section contains 6 questions. Each question has 

four options (A), (B), (C) and (D). One or more than 

‘one of these four options is (are) correct. For each ques- 

tion, choose the correct option(s) to answer the ques- 

tion. Answer to each question will be evaluated accord- 
ing to the following marking scheme: 

1. Full Marks: (+4) Ifonly (all) the correct option(s) 
is (are) chose 
Partial’ Marks: (3) If all the four options are 
correct but only three options are chose, 

3. Partial Marks: (+2) If three or more options are 
correct but only two options are chosen, both of 
which are correct options. 

4. Partial Marks: (+1) If two or more options are 
correct but only one option is chosen and it is a 
correct option. 

5. Zero Marks: (0) If none of the options is chosen 

(ie., the question is unanswered). 

6. Negative Marks: (2) In all other cases 
For example, if first, third and fourth are the ONLY 
three correct options for a question with second option 
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being an incorrect option; selecting only all the three 
correct options will result in 4-4 marks, Selecting only 
two of the three correct options (e.g. the first and fourth 
options), without selecting any incorrect option (second 
option in this case), will result in +2 marks. Selecting 
only one of the three correet options (either fist or third 
or fourth option), withont selecting any incorreet option 
(second option in this ease), will result in +1 marks. 
Selecting any incorrect option(s) (second option in th 
case), with or without selection of any correct option(s) 
will result in —2 marks. 
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91. The potential energy of a particle of mass m at 
a distance r from a fixed point O is given by V(r 
kr? [2, where К is a positive constant of appropriate di 
mensions, "This particle is moving in a circular orbit of 
radius R abont the point О. If v is the speed of the par- 
ticle and Z is the magnitude of its angular momentum 


about O, which of the following statement(s) is (are) 
true? 
(A) v= (B) vein 


(C) L-vmkm (D) L= ую 
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Q2. Consider a body of mass 1.0 kg at rest at the ori- 

gin at time 0. A force F = (ati + fi j) is applied on 

the body, where a = 1.0 N/sand 8 = 1.0 N. The torque 

acting on the body about the origin at time t = 1.0 s is 

T. Which of the following statements is (are) true? 

(A) = 3а 

(В) The torque 7 is in the direction of the unit vector 
+k 

(C) The velocity of the body at = ls is б = 
i2) m/s 

(D) The magnitude of displacement of the body at t = 
185 1/6 ш 
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93. A uniform capillary tube of inner radius r is 

dipped vertically into a beaker filled with water- The 

water rises to a height A in the capillary tube above 

the water surface in the beaker. The surface tension of 

water is o. The angle of contact between water and the 

wall of the capillary tube is @ Ignore the mass of wa- 

in the meniscus. Which of the following statements 

is (are) true? 

(A) For a given material of the capillary tube, Ai de- 
creases with increase in r. 

(В) For a given material of the capillary tube, A is in- 
dependent of o. 

(C) If this experiment is performed in: a lift going up 
with a constant acceleration, then Ir decreases. 

(D) A is proportional to contact angle 6. 


IIT JEE 2018 (Advanced) Paper 1 8 


94. In the figure below, the switches S and S. 
closed simultaneously at t = 0 and a current starts to 
flow in the circuit. Both the hatteries have the same 
magnitude of the electromotive force (emf) and the po- 
larities are as indicated in the figure. Ignore mutual 
inductance between the inductors. The current i in the 
middle wire reaches its maximum magnitude imac at 
time =. Which of the following statements is (are) 
true? 
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Q5. Two infinitely long straight wires lie in the 

plane along the line x = +R. The wire located at x 

+R carries a constant current i and the wire located at 

2 — —R carries a constant current is. А circular loop of 

radius R is suspended with its centre at (0,0, УЗА) and 

in a plane parallel to the 2-у plane. This loop carries 

в constant current 7 in the clockwise direction as seen 

from above the loop. The current in the wire is taken 

to be positive if it is in the +7 direction. Which of 

the following statements regarding the magnetic field 

Bis (are) true? 

(А) If i; = ia, then В cannot be equal to zero at the 
origin (0.0,0). 

(B) If iy > 0 and i; < 0, then B can be equal to zero 
at the origin (0,0,0) 

(С) If iy < 0 and їз > 0, then B can be equal to zero 
at the origin (0, 0,0) 

(D) If i = ia, then the z-component of the magnetic 
field at the centre of the loop is (— 3). 
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Q6. One mole of a monatomic ideal gas undergoes a 
cyclic process as shown in the figure (where V is the 
volume and T is the temperature), Which of the state- 
ments below is (are) true? 


T 


(A) Proecess Tis n isocliocie process. 
(B) In process II, gas absorbs heat. 
(C) In process IV, gas releases heat 
(D) Process Гав Ш are not isobaric. 


IIT JEE 2018 (Advanced) Paper 1 u 


Integer Type 


‘This section contains 8 questions. The answer to 
each question is a numerical value. For each question, 
enter the correct numerical value (in decimal notation, 
truncated/rounded-off to the second decimal place; e.g 
25, 7.00, -0.33, -.30, 30.27, -127.30) using the mouse 
and the on-screen virtual rumeric keypad in the place 
designated to enter the answer. Answer to each question 
will be evaluated according to the following marking 
scheme: 

1. Full Marks: (+3) If only the correct numerical 

value is entered as answer. 


2. Zero Marks: (0) In all other cases. 
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97. Two vectors A and В are defined as 2 
В = a(coswti + sinwt j), where a is a constant and 


ш = т/б rad/s. If |A+ B| = УЗ |A— B| at time t 
for the first time, the value of 7, in seconds, 
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Q8. Two men are walking along a horizontal straight 
line in the same direction, The man in front walks at 
в speed 1.0 m/s and the man behind walks at а speed 
2.0 m/s. A third man is standing at a height 12 m above 
the same horizontal line sach that all three men are 
in a vertical plane. ‘The two walking men are blow- 
ing identical whistles which emit a sound of frequency 
1430 Hz. The speed of sound in air is 330 m/s. At the 
instant, when the moving men are 10 m apart, the sta- 
tionary man is equidistant from them. The frequency 
of beats in Hz, heard by the stationary man at this in- 
stant, 
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99. A ring and a disc are initially at rest, side by side, 
at the top of an inclined plane which makes an angle 60° 
with the horizontal. They start to roll without slipping 
at the same instant of time along the shortest path. If 
the time difference between their reaching the ground 
is (2— V3)/V/0s, then the height of the top of the 
inclined plane, in metres, is [Take g = 10 m/s") 
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910. A spring-block system is resting on a frictionless 
floor as shown in the figure, The spring constant is 
2.0 N/m and the mass of the block is 2.0 kg. Ignore 
the mass of the spring, Initially the spring is in an. 
unstretched condition. Arother block of mass 1.0 kg 
moving with a speed of 2.0 m/s collides elastically with 
the first block. The collision is such that the 2.0 kg. 
block does not hit the wall, The distance, in metres, 
between the two blocks when the spring returns to its 
‘unstretched position for the first time after the collision 


[de 2 ај 
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Q1. Three identical capacitors Ci, Cs and Сз have 
в capacitance of 1.0 uF each and they are uncharged 
initially. They are connected in a circuit as shown in 
the figure and Су is then filled completely with a di- 
electric material of relative permittivity e. The cell 
electromotive force (emf) is № = 8 V. First the switch 
51 is closed while the switch Sz is kept open. When 
the capacitor Сз is fully charged, 5, is opened and Sp 
is closed simultaneously. When all the capacitors reach 
equilibrium, the charge on Cy is found to be 5 uF. The 
value of e m 
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912. In the з-у plane, the region y > 0 has a uniform 
magnetic field By k and the region y < 0 has another 
uniform magnetic field By Å. A positively charged parti- 
cle is projected from the origin along the positive y-axis 
with speed uy = 7 m/s at t= 0, as shown in the figure. 
Neglect gravity in this problem. Let t = T be the time. 
when the particle crosses the z-axis from below for the 
first time. If By = 4B, the average speed of the par- 
ticle, in m/s, along the a-axis in the time interval T 
idu. 
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913. Sunlight of intensity 1.3 kW/m? is incident nor- 
mally on a thin convex lens of focal length 20 em. Ig- 
nore the energy loss of light due to the lens and assume 
that the lens aperture size is much smaller than its focal 
length. The average intensity of light, in kW/m?, at a 
distance 22 cm from the lens on the other side is ~ 
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914. Two conducting cylinders of equal length but dif- 
ferent. radii are connected in series between two heat 
baths kept at temperatures Tj = 300 К and T; = 100 К, 
as shown in the figure, The radius of the bigger cylinder 
is twice that of the smaller one and the thermal conduc- 
tivities of the materials of the smaller and the larger 
cylinders are K and Ka respectively. If the tempera- 
ture at the junction of the two cylinders in the steady 
state is 200 K, the Ki/Ka 


— _ Insulating Material 


"pon min 
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Paragraph Type 


‘This section contains 2 paragraphs. Based on each 
paragraph, there are 2 questions. Each question has 
four options. Only one of these four options corresponds 
to the correct answer. For each question, choose the 
option corresponding to the correct answer. Answer to 
each question will be evaluated according to the follow- 
ing marking scheme: 

1. Full Marks: (+3) If only the correct option is cho- 


2. Zero Marks: (0) If none of the options is chosen 
(ъе., the question is unanswered). 


3. Negative Marks: (—1) In all other cases. 


TIT JEE 2018 (Advanced) Paper 1 a 
Paragraph for Questions 15-16 


In electromagnetic theory, the electric and mag- 
netic phenomena are related to each other. Therefore, 
the dimensions of electric and magnetic quantities must 
also be related to each other. In questions below, [E] 
and [B] stand for dimensions of electric and magnetic 
fields respectively, while [er] and [ио] stand for dimen- 
sions of the permittivity and permeability of free space 
respectively. [L] and [T] are dimensions of length and 
time respectively. All the quantities are given in SI 
units. (2018) 


TIT JEE 2018 (Advanced) Paper 1 
915. The relation between [E] and [B] is 


(A) | 
(С) П 


= В] 
= ВЫ 


(Bi [E] = (81-11) 
(D) [E] = (Bi[L] Т]! 
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Q16. The relation between [eo] and [ju] is 
(A) [no] = leo] [L^ [T] 

(B) [no] = (в ^ (TI? 

(©) [мо] = [61—12 1]-2 

(D) [no] = leo] IL]? (t 
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Paragraph for Questions 17-18 


If the measurement errors in all the independent 
quantities are known, then it is possible to determine 
the error in any dependent quantity. This is done by the 
use of series expansion and truncating the expansion at 
the first power of the error. For example, consider the 
relation = = z/y. Ifthe errors in £, y and = are Ar, Ду 
and Az, respectively, then 


zorra Rr) a hr)" 
у+Ду у ш ^ 


‘The series expansión for (1 È ay | o first power in 


Ауу, is 14 (Ay). The relative errors in independent. 
variables are always added. So the error in z will be 


2) 


Av/x & 1, Ay/y & 1. Therefore, the higher pow- 
ers of these quantities are neglected, (2018) 
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917. Consider the ratio r= +2 to be determined by 
measuring a dimensionless quantity a, If the error in 
the measurement of a is Да (Aa/a < 1), then what is 
the error Ar in determining r? 

(A) afis (B) cs (C) das 


dei (D) d 
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918. In an experiment the initial number of radioac- 
tive nuclei is 3000. It is found that 1000 + 40 nuclei 
decayed in first 1,08, For |r| & 1, In(1 +x) = z up to 
first power in x. The error AA, in the determination of 
the decay constant A, in 977, іа 


(A) 0.04 (B) 0.03 (C) 0.02 (D) 0.01 


IIT JEE 2018 (Advanced) Paper 1 
Answers 


eESOPRPMC 


(в), (C) 
(A), (©) 
(A). (C) 
(B). (D) 
(A), (B), (D) 
(B), (C), (D) 


2 


0.75 


10. 
п. 
12. 
13. 
m 
15. 
16. 
17. 
18. 


(Advanced) Paper 2 


‘The physies part of the paper contains 18 questions of 
total marks 60. ‘The questions are divided into three 
sections (1) multiple correct answers type (2) mmerical 
type and (3) matrix matching type 
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One or More Option(s) Correct 


‘This section contains 6 questions. Each question 
has four options (A), (B). (C) and (D). One or more 
than one of these four options is (are) correct. Вог 
each question, choose the correct option(s) to answer 
the question. Answer to each question will be evalu- 
ated according to the following marking scheme: 

1. Full Marks: (+4) Ifonly (all) the correct option(s) 
is (are) chose 
Partial Marks: (63) If all the four options are 
correct but only three options are chose, 

3. Partial Marks: (+2) If three or more options are 
correct but only two options are chosen, both of 
which are correct options. 

4. Partial Marks: (+1) If two or more options are 
correct but only one option is chosen and it is a 
correct option. 

5. Zero Marks: (0) If none of the options is chosen 

(ie., the question is unanswered). 

6. Negative Marks: (2) In all other cases 
For example, if first, third and fourth are the ONLY 
three correct options for a question with second option 
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being an incorrect option; selecting only all the three 
correct options will result in +4 marks. Selecting only 
‘two of the three correct options (e.g. the first and fourth 
options), without selecting any incorrect option (second 
option in this case), will result. in +2 marks. Selecting 
only one of the three correct options (either first or third 
or fourth option), without selecting any incorrect option 
(second option in this case), will result in +1 marks. 
Selecting any incorrect option(s) (second option in thi 
case), with or without selection of any correct option(s) 
will result in —2 marks. 


IIT JEE 2018 (Advanced) Paper 2 з 


Q1. Consider a thin square plate floating on a viscous 

liquid in large tank, The height h of the liquid in the 

tank is much less than the width of the tank. The float- 

ing plate is pulled horizontally with a constant velocity 

ug. Which of the following statements is (are) true? 

(A) The resistive force of liquid on the plate is inversely 
proportional to A. 

(В) The resistive force of liquid on the plate 
dent of the area of the plate. 

(C) The tangential (shear) stress on the floor of the 
tank increases with uy 

(D) The tangential (shear) stress on the plate varies 
linearly with the viscosity y of the liquid. 


indepen- 
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92. An infinitely long thin non-conducting wire is par- 
allel to the z-axis and carries a uniform line charge den- 
sity A. Tt pierces a thin non-conducting spherical shell 
of radius ft in such a way that the are РО subtends 
an angle 120° at the centre O of the spherical shell, as 
shown in the figure. The permittivity of free space is 
€o. Which of the following statements is (are) true? 


(A) The electric flux through the shell is V3RA/e0, 

(В) The 2-component of the electric field is zero at all 
the points on the surface of the shell 

(C) The electric flux through the shell is Y2RA/ey. 


IIT JEE 2018 (Advanced) Paper 2 E 


(D) The electric field is normal to the surface of the 
shell at all points. 
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Q3. A wire is bent in the shape of a right angled tri- 
angle and is placed in front of a concave mirror of focal 
length f, as shown in the figure. Which of the figures 
shown in the four options qualitatively represent(s) the 
shape of the image of the bent wire? (‘These figures are 
not to the scale.) 


00 сасе 
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Q4. Ina radioactive decay chain, 219 Th nucleus decays 
to 3}2Pb nucleus. Let Na and Np be the number of o 
and J~ particles, respectively, emitted in the decay pro- 
cess, Which of the following statements is (are) true? 

(A) Na = 5 (В) 6 (©) 2 (D) № 
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95. In an experiment to measure the speed of sound 
by в resonating air column, a tuning fork of frequency 
500 Hz is used, The length of the air column is varied 
by changing the level of water in the resonance tube. 
‘Two successive resonances are heard at air columns of 
length 50.7 cm and 83.9 сш. Which of the following 
statements is (are) true 
(A) The speed of sound determined from this experi- 
ment is 332 m/s. 
(B) The end correction in this experiment is 0.9 cm. 
(C) The wavelength of the sound wave is 66.4 cm. 
(D) The resonance at 50.7 em corresponds to the fim- 
damental harmonie: 
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Q6. A particle of mass m is initially at rest at the ori- 

subjected to a force and starts moving along 
Tts kinetic energy К changes with time as 

dK/dt = 5t, where 4 is a positive constant of appro- 

priate dimensions. Which of the following statements 

is (are) true? 

(A) The force applied on the particle is constant. 

(B) The speed of the particle is proportional to time. 

(C) The distance of the particle from the origin in- 

creases linearly with time. 
(D) The force is conservative. 
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Integer Type 


‘This section contains 8 questions. The answer to 
each question is a numerical value. For each question, 
enter the correct numerical value (in decimal notation, 
truncated/rounded-off to the second decimal place; e.g 
25, 7.00, -0.33, -.30, 30.27, -127.30) using the mouse 
and the on-screen virtual rumeric keypad in the place 
designated to enter the answer. Answer to each question 
will be evaluated according to the following marking 
scheme: 

1. Full Marks: (+3) If only the correct numerical 

value is entered as answer. 


2. Zero Marks: (0) In all other cases. 
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Q7. A steel wire of diameter 0.5 mm and Young's mod- 
ulus 2x 10!! N/m? carries a load of mass M. The 
length of the wire with the load is 1.0m, A vernier 
scale with 10 divisions is attached to the end of this 
wire. Next to the steel wire is a reference wire to which 
a main scale, of least count. 1.0 mm, is attached. The 
10 divisions of the vernier scale correspond to 9 divisions. 
of the main scale. Initially, the zero of vernier scale co- 
incides with the zero of mein scale. If the load on the 
steel wire is increased by 12 kg, the vernier scale divi- 
sion which coincides with а main scale division is... 
[Take g = 10 m/s? and т 
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98. One mole of a monatomic ideal gas undergoes 
am adiabatic expansion in which its volume becomes 
eight times its initial value. If the initial tempera- 
ture of the gas is 100 К and the universal gas constant. 
R = 8.0 J mol” K~, the decrease in its internal energy, 
in Joule, is. 
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99. In a photoelectric experiment а parallel beam 
of monochromatic light with power of 200 W is inet 
dent on a perfectly absorbing cathode of work function 
6.25 eV, The frequency of light is just above the thresh- 
old frequency so that the photoelectrons are emitted 
with negligible kinetic enerzy. Assume that the photo- 
electron emission efficiency is 100%. А potential dif- 
ference of 500 V is applied between the cathode and 
the anode. All the emitted electrons are incident nor- 
mally on the anode and are absorbed. ‘The anode ex- 
periences a force F =n x 107 N due to impact of the 
electrons. ‘The value of n is ....... [Mass of the elec- 
trom me = 9% 107! kg-and:1,0.0V = 1,6 1071 J.] 
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910. Consider а hydrogenlike ionized atom with 
atomie number Z with a single electron. In the emission. 
spectrum of this atom, the photon emitted in the n 
to n = 1 transition has energy 74.8 eV higher than the 
photon emitted in the n = 3 to n = 2 transition, The 
ionization energy of the hydrogen atom is 13.6 eV. The 
value of Z к 
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911. A moving coil galvanometer has 50 turns and 
each turn has an area 2 x 10 m?, The magnetic field 
produced by the magnet inside the galvanometer 15 
0.02 T. The torsional constant of the suspension wire is 
10 N m/rad, When a cucrent flows through the gal- 
vanometer, full scale deflection occurs if the coil rotates 
by 0.2 rad. The resistance of the coil of the galvanome- 
ter is 500. This galvanometer is to be converted into 
an ammeter capable of measuring current. in the range 
0— L0 A. For this purpose, a shunt resistance is to be 
added in parallel to the galvanometer. The value of this 
shumt resistance, in ohms, 2 
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912. A particle, of mass 10-3 kg and charge 1.0 C, 
is initially at rest, At time £ = 0, the particle comes 
under the influence of an electric field E(t) = Ep sinat i, 
where Eo = 10 N/C and w = 10° rad/s, Consider the 
effect of only the electric force on the particle, Then 
the maximum speed, in m/s, attained by the particle 
at subsequent times is 
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913. A ball is projected from the ground at an angle 
of 45° with the horizontal surface. It reaches a maxi- 
mum height of 120 m and returns to the ground, Upon 
hitting the ground for the first time, it loses half of 
its kinetic energy. Immediately after the bounce, the 
velocity of the ball makes an angle of 30° with the hor- 
izontal surface. The maximum height it reaches after 
the bounce, in meters, 
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914. A solid horizontal surface is covered with a thin 
layer of oil. A rectangular block of mass m = 0.4 kg is 
at rest on this surface. An impulse of 1.0 N -s is applied 
to the block at time ( = 0 so that it starts moving along 
the z-axis with a velocity x(t) = voe™*/", where vo is a 
constant and т = 4s. The displacement of the block, 
in metres, at t= 7 is [Take e=? = 0.37] 
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Matrix or Matching Type 


‘This section contains 4 questions. Each question 
has 2 matching lists: List-l and List-ll. Four options 
are given representing matching of elements from List-I 
and List-II. Only one of these four options corresponds 
to a correct matching. For each question, choose the 
option corresponding to the correct matching. For each 
question, marks will be awarded according to the fol- 
lowing marking scheme: 

1. Full Marks: (+3) If only the option corresponding 

to the correct matching is chosen. 


2. Zero Marks: (0) If none of the options is chosen 
(ie., the question is unanswered). 


|. Negative Marks: 


(-1) In all other cases. 


IIT JEE 2018 (Advanced) Paper 2 18 


915. In the Column I below, four different paths of a 
particle are given as a function of time, In these fune- 
tions, a and are positive constants of appropriate di- 
mensions and a # 5. In each case, the force acting on 
the particle is either zero or conservative. In Column I, 
five physical quantities of the particle are mentioned: 7 
is the linear momentum, Ž is the angular momentum. 
about the origin, K is the kinetic energy, U is the po- 
tential energy and E is the total energy. Mateh each 
path in Column I with those quantities in Column IT, 
which are conserved for thot path. 


Column 1 Column П 
(P) Ft) = oti + 8tj og 
(Q) F(t) = acosuti + Bsinwt j L 
(R) ft) = a(coswti + K 


(S) A) = ati + 285 


t 


(2) 
(3) 
(4) 
(5) 
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Q16. One mole of a monatomic ideal gas undergoes 
four thermodynamics processes as shown schematically 
in p-V diagram below. Among these four processes, one 


is isobaric, one is isochoric, one is isothermal and one is 


adiabatic. Match the processes men 
with the corresponding statements in Column IL 


А 


Column I Column П 


(P) In process — (1) Work done by the gas is 

(Q) In process II — (2) Temperature of the gas re- 
mained unchanged. 

(R) In process Ш (3) No heat is exchanged be- 
tween the gas and its sur- 
roundings 

(S) In process IV (4) Work done by the gas is 
бро 


med in Column I 
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917. A planet of mass M, has two natural satellites 
with masses mı and mo. The radii of their circular 
orbits are Jt and Ry respectively. Ignore the gravi- 
tational force between the satellites, Define vi, Га, Ка 
and Tj to be, respectively, the orbital speed, angular 
momentum, kinetic energy and time period of revolu- 
tion of satellite 1; and v2, La, Ky and Tp to be the cor- 
responding quantities of satellite 2. Given m /ma 
and Rı/Ra = 1/4, mateh the ratios in Column-I to the 
numbers in Column-II. 


Column I Column П 
(P) в/в (1) 1/8. 

(Q) L/L (001 

(R) Ki/Ka 82 


(8) т/ть (08 
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Q18. The electric field Æ is measured at a point 
P(0,0,d) generated due to various charge distributions 
and the dependence of Æ on d is found to be different for 
different charge distributions, Column-I contains dif- 
ferent relations between E and d. Column-II describes. 
different electric charge distributions, along with their 
locations. Match the functions in Column-I with the 
related charge distribution in Column-II. 
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Column I Column II 


(1) А point charge q at the ori- 
gin. 
(2) A small dipole with point 
charge q at (0,0,1) and —q. 
at (0,0, —0). Take 2 & d. 
(R) Ex ие (3) An infinite line charge co 
incident with the z-axis, 
with uniform linear charge 
density А 
(S) E x 1/8 (4) Two infinite wires carry- 
ing uniform linear charge 
density. parallel to the z- 
axis. The one along (y = 
1) has a charge den- 
sity +A and the one along 


и=0,: а 
charge density —А. Take 
agd. 


(5) Infinite plane charge coin- 
cident with the z-y plane 
with uniform surface 
charge density. 
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1. (A), (©), (D) 13. 30 
2. (A), (В) 14. 63 
T 15. 251.235), 

: 9-+(2,5), (2,3415), 
= 5-05) 

т. 16. Р-Н) 9-04), 
8. R=(1), 8-2) 

D 17. РЦЗ), 9-2) 
10. 3 нА). S2) 

п. 18, 2-5). 9-08), 
12. № (1.0, 3-2) 


IIT JEE 2017 


IIT JEE 2017 was a two stage examination (i) JEE 
Mains by CBSE and (ii) JEE Advanced by JAB. There. 
were two papers in JEE Advanced, namely (Advanced) 
Paper 1 and (Advanced) Paper 2. Each of the pa- 
pers has three separate parts for physics, chemistry and 
mathematics. 


Go to IIT JEE 2018 | 2017 | 2016 | 2015 | 2014 | 
2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 
2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 
1999 | 1998 | 1997 | 1996 | 1995 | 1994 | 1993 | 
1992 | 1991 | 1990 | 1989 | 1988 | 1987 | 1986 | 
1985 | 1984 | 1983 | 1982 | 1981 | 1980 | 1979 | 
1978 


(Advanced) Paper 1 


‘The physies part of the paper contains 18 questions of 
total marks 61. The questions are divided into three 
sections (1) multiple correct answers type (2) integer 
type and (3) paragraph or matching type. 
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One or More Option(s) Correct 


‘This section contains 7 questions. Each question 
has four options (A), (B). (C) and (D). One or more 
than one of these four options is (are) correct. For each 
‘question, marks will be awarded in one of the following 
categories: 
1. Full Marks: (44) If only the bubble(s) corre- 
sponding to all the correct option(s) is (are) dark- 
ened 
2. Partial Marks: (41) Sor darkening à bubble cor- 
responding to each correct option, provided NO 
incorrect option is darkened 
3. Zero Marks: (0) If none of the bubbles is darkened 
4. Negative Marks: (-2) In all other cases 
For example, if (А). (С) and (D) are all the correct 
options for a question, darkening all these three will 
get +4 marks; darkening only (A) and (D) will get +2 
marks; and darkening (A) and (B) will get —2 marks, 
as a wrong option is also darkened, 
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91. In the circuit shown, L = 1 uH, C = 1 uF and 
R = 10. They are connected in series with an 
AC source V = Vosinwt as shown, Which of the fol- 
lowing option(s) is(are) correct? 


lan C-IMF poii 


Мне 


(A) At w = 0 the current flowing through the circuit 
becomes nearly zero. 

(B) The frequency at which the current will be in phase 
with the voltage is independent of №. 

(C) The current will be in phase with the voltage if 

10° rad/s. 

(D) At w > 10° rad/s, the circuit behaves like a capac- 
itor, 


uT 
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92. For an isosceles prism of angle A and refractive 
index ja, it is found that the angle of minimum devia- 
tion ðm = A. Which of the following option(s) is(are) 
correct? 


(А) 
(в) 


For the angle of incidence й = А, the ray inside 
the prism is parallel to the base of the prism. 

At minimum deviation, the incident angle iy and 
the refracting angle rı at the first refracting surface 
are related by ri = (4/2) 
For this prism, the emergent ray at the second 
surface will be tangential to the surface when the 
angle of incidence at the first surface is й = 


sin fina rot taS cosa]: 


For this prism, the refractive index ji and the angle 
of prism А are related as 2 


IIT JEE 2017 (Advanced) Paper 1 59 


93. A circular insulated copper wire loop is twisted to 
form two loops of area A and 24 as shown in the figure. 
AL the point of crossing the wires remain electrically in- 
sulated from each other. The entire loop lies in the plane 
(of the paper). A uniform magnetic field points into 
the plane of the paper. At t = 0, the loop starts rotat- 
ing about the common diameter as axis with a constant. 
angular velocity w in the magnetic field. Which of the 
following option(s) is(are) correct? 


coe 


(A) The emf induced in the loop is proportional to the 
sum of the areas of the two loops. 
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(B) The rate of change of the flux is maximum when 
the plane of the loops is perpendicular to plane of 
the paper. 

(С) The net emf induced due to both the loops is pro- 
portional to cosurt 

(D) The amplitude of the maximum net emf induced 
due to both the loops is equal to the amplitude of 
maximum emf induced in the smaller loop alone. 
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94. A flat plate is moving normal to its plane through 

a gas under the action of a constant force F. The gas is 

kept at a very low pressure. The speed of the plate v is 

much less than the average speed u of the gas molecules. 

Which of the following option(s) is(are) true? 

(A) At a later time the external force F balances the 
resistive force, 

(B) The plate will continue to move with constant non- 
zero acceleration, at all times 

(C) The resistive force experienced by the plate is pro- 
portional to v. 

(D) The pressure difference between the leading and 
trailing faces of the plate is proportional to uv. 
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95. А block of mass M has a circular cut with a fri 
tionless surface as shown, The block rests on the hori- 
zontal frictionless surface of a fixed table. Initially the 
right edge of the block is at г = 0, in a co-ordinate 
system fired to the table. А point mass m is released 
from rest at the topmost point of the path as shown 
and it slides down. When the mass loses 
the block, its position is г and the velocity i 
instant, which of the following option(s) is(are) correct? 


(A) The velocity of the point mass m is = 227. 
(В) The г component of displacement of the centre of 

mass of the block M is 
(C) The position of the point mass is 
(D) The velocity of the block M is V 
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Q6. A block M hangs vertically at the bottom end of 
a uniform rope of constant mass per unit length. The 
top end of the rope is attached to a fixed rigid support 
at О. А transverse wave pulse (Pulse 1) of wavelength 
№ is produced at point O on the rope. The pulse takes 
time Toa to reach point A. If the pulse of wavelength 
№ is produced at point A (Pulse 2) without disturbing 
the position of M it takes time Tao to reach point O. 
Which of the following option(s) is(are) correct 


opui 


(A) The time Tho = Toa- 

(B) The wavelength of Pulse 1 becomes longer when it 
reaches point A. 

(С) The velocity of any pulse along the rope is inde- 
pendent of its frequency and wavelength, 

(D) The velocities of the two pulses (Pulse 1 and 
Pulse 2) are the same at the midpoint of rope. 
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Q7. A human body has a surface area of approxi- 
mately 1 më. The normal body temperature is 10K. 
above the surrounding room temperature Ty. Take the 
room temperature to be T = 300 К, For Ty = 300 К, 
the value of oj = 460 W/m” (where c is the Stefan- 
Boltzmann constant). Which of the following option(s) 
is(are) correct? 

(A) IF the body temperature rises significantly then the 
peak in the spectrum of electromagnetic radiation 
emitted by the body would shift to longer wave- 
lengths. 

(B) If the surrounding temperature reduces by а small 
amount ATi & Ty. then to maintain the same 
body temperature the sanie (living) human being 
needs to radiate AW = 4o Tj ATi, more energy per 
unit time. 

(C) The amount of energy radiated by the body in 1s 
is close to 60 Joules. 

(D) Reducing the exposed surface area of the body 
(e.g, by curling up) allows human to maintain the 
same body temperature while reducing the energy 
lost by radiation, 
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Integer Type 


‘This section contains 5 questions. The answer to 
each question is a single digit integer ranging from 0 
to 9, both inclusive, For each question, marks will be 
awarded in one of the following categories: 
1, Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q8. An electron in a hydrogen atom undergoes a tran- 
sition from an orbit with quantum number n, to another. 
with quantum number пу. V; and Vp are respectively 
the initial and final potential energies of the electron. 


ЕЙ = 6.25, then the smallest po 


le ny is 


TIT JEE 2017 (Advanced) Paper 1 er 
Q9. A drop of liquid of radius R = 10-2 m having 
face tension 5 = 92 N/m divides itself into K identical 


drops. In this process the total change in the surface 
AU = 10-31. ИК = 10° the the value of a 
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910. A stationary source emits sound of frequency 
fo = 492 Hz. The sound is reflected by a large car 
‘approaching the source with a speed of 2 m/s, The re- 
flected signal is received by the source and superposed 
with the original. What will be the beat frequency of 
the resulting signal in Hz [Given that the speed of 
sound in air is 330 m/s and the car reflects the sound 
at the frequency ít has received]. 
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911. 1 is an isotope of Iodine that В decays to an 
isotope of Xenon with a half-life of days. A small 
amount of a serum labelled with 1811 is injected into the 
blood of a person, The activity of the amount of 9 
injected was 2.4 x 10° Becquerel (Bq). It is known that 
the injected serum will get distributed uniformly in the 
blood stream in less than half an hour. After 11.5 hours, 
2.5 ml of blood is drawn from the person's body, and it 
gives an activity of 115 Bq. The total volume of blood 
in the person's body, in litres, is approximately 

[You may use e = 1 +z for |a| & 1 and In2 = 0. 
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912. А monochromatic light is travelling in a medium 
of refractive index n = 1.6. It enters a stack of glass 
layers from the bottom side at an angle @ = 30°. The 
interfaces of the glass layers are parallel to each other. 
‘The refractive indices of different glass layers are mono- 
tonically decreasing as nm = n— mAn, where nj, is the 
refractive index of the m^ slab and An — 0.1 (see the 
figure). The ray is refracted out parallel to the interface 
between the (m — 1)'^ and те? slabs from the right side 
of the stack. What is the value of m? 
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Paragraph Type 


‘This section contains € questions based on two ta- 
bles (each having 3 columns and 4 rows). Based on each 
table, there are three questions, Each question has four 
options (A), (B), (C), and (D). Only one of these four 
options is correct. For each question, marks will be 
awarded in one of the following categories: 

1. Full Marks: (+3) Ношу the bubble corresponding 

to the correct option is darkened 
2, Zero Marks: (0) Ifnone of the bubhles is darkened 


3. Negative Marks: (—1) In all other cases 


TIT JEE 2017 (Advanced) Paper 1 2 
Paragraph for Questions 19-15 


A charged particle (electron or proton) is intro- 
duced at the origin (z = 0,y = 0,2 = 0) with a given 
velocity 0. А uniform electric field Ё and a uniform 
magnetic field В exists everywhere. The velocity 7, 
tric field Ё and magnetic feld Я аго given in columns 
1, 2 and 3, respectively. The quantities E and By are 

in magnitude. (2017) 


Column 1 Column 2 Column 3 
(Ё) (В) 
i) E. (P) В, 
) Eng (Q) Bot 
i) Бо? (R) Bop 
(iv) Eo? (S) But 


(I) Electron, 
(II) Electron, © = Fey 
(Ш) Proton, 

(IV) Proton, й 


ё 
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913. In which case would the particle move in a 
straight line along the negative direction of y-axis (Le. 
moves along —j)? 

(A) IV, i, $ (B) IL i 
(C) шад (D) Ш, 
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Q14. In which case will the particle move in a straight 
line with constant velocity’ 
(A) IL iii, $ (B) TI, ii, P 
(C) IV, i S (D) IL ä, R 
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Q15. In which case will the particle describe a helical 
path with axis along the positive z direction? 

(A) IL i, R (B) III äi, P 

(C) IV, i S (D) IV, ä, R 


TIT JEE 2017 (Advanced) Paper 1 T6 
Paragraph for Questions 16-18 


An ideal gas is undergoing a cyclic thermodynam- 
ics process in different: ways as shown in corresponding 
p-V diagrams in column 3 of the table. Consider only 
‘the path from state 1 to state 2, W denotes the cor- 
responding work done on the system. The equations 
and plots in the table have standard notations used in 
thermodynamic processes. Here 7 is the ratio of heat 
capacities at constant pressure and constant. volume. 
‘The number of moles in the gas is n. (2017) 
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Column 1 Column 2 Column 3 
(Wie) 
hs: 
(I) aha (i) Isothermal (P) m X 
—, 
p 


(Ш) рир (8) Iochorie (9) | 7 


amo (iii) Iscbarie 


(V)-nRTIni (iv) Adiabatic (S) 
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916. Which one of the following options correctly rep- 
resents a thermodynamic process that is used as a cor- 
rection in the determination of the speed of sound in an 
ideal gas? 

(A) IV, ü, R (B) L ü Q 

(OL Q (D) щъ R 
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917. Which of the following options is the only correct 
representation of a process in which AU = AQ-pAV? 
(A) IL ii, S (B) IL ii, P 
(C) HL ii P (D) I iv, R 
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Q18. Which of the following options is the correct 
combination? 

(A) Il iv P (B) I ii, S 

(C) DL iw R (D) IV. ï, S 
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Answers 


(A), (B) 
(A), (В), (C) 
(B). (D) 
(А), (C). (D) 


BESOPRPMC 
= 
Ei 


10. 
п. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


$53329 


(Advanced) Paper 2 


‘The physies part of the paper contains 18 questions of 
total marks 61. ‘The questions are divided into three 
sections (1) single correct answer type (2) multiple cor- 
rect answers type and (3) paragraph type. 
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One Option Correct. 


‘This section contains 7 questions. Each question 
has four options (A), (B), (С) and (D). Only one of 
these four options is correct. For each question, marks 
will be awarded in one of the following categories: 

1, Full Marks: +3 If only the bubble corresponding 
to the correct option is darkened 
Zero Marks: 0 If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 
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91. Consider regular polygons with number of sides 
n=3,4,5,...asshown in the figure, The center of mass. 
of all the polygons is at height A from the ground. They 
roll on а horizontal surface about the leading vertex 
without slipping and sliding as depicted. The maximum 
increase in height of the locus of the center of mass for 
each polygon is A. Then A depends on n and hi as 


L y 
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Q2. Consider an expanding sphere of instantaneous ra- 
dius r whose total mass remains constant. The expan- 
sion is such that the instantaneous density p remains 
uniform throughout the volume, ‘The rate of fractional 
change in density G) is constant, The velocity v 
of any point on the surface of the expanding sphere is 
proportional to 

(A) r (B) 1/r (C) r* (D) à 
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93. A photoelectric material having work-function фо 
is illuminated with light of wavelength А (А < he/do). 
The fastest photoelectron has a de Broglie wavelength 
Aq. A change in wavelength of the incident light by AA 
results in a change AA, in Ay. Then the ratio AAy/AA 
is proportional to 

(А) MJ. (B) М/А (C) XI/A (D) 3/3 
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Q4. The vectors Ё, Q and Й are shown in the figure. 
Let 5 be any point on the vector Й. The distance be- 
tween the points P and S is ЫЙ. The general relation 
among vectors P, Q and 8 is 


[X1 


1-52)Р+59 (В) S= (b—1)B +69 
(1-b)P+t@ (0) = (1-H) B+ FO 
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95. A person measures the depth of a well by measur- 
ing the time interval between dropping a stone and re- 
ceiving the sound of impact with the bottom of the well 
‘The error in his measuremeat of time is T = 0.01 s and 
he measures the depth of the well to be L = 20 m. Take 
the acceleration due to gravity g = 10 m/s? and the ve- 
locity of sound is 300 m/s. Then the fractional error in 
the measurement, 5L/L, is closest to 

(A) 1% (В) 5% (©) 3% (D) 0.2% 
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96. A rocket is launched normal to the surface of the. 
earth, away from the sun, along the line joining the sun 
and the earth. The sun is 3 x 10° times heavier than 
the earth and is at a distance 2.5 х 10! times larger 
than the radius of the earth. The escape velocity from 
the earth’s gravitational field is w, = 11.2 km/s. The 
minimum initial velocity (vi) required for the rocket 
to be able to leave the sur-earth system is closest to 
[Ignore the rotation and revolution of the earth and 
the presence of any other planet.) 

(A) v. (B) v, = 22 km/s 

(C) v, =42 (D) v, = 62 km/s 
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Q7. A symmetric star shaped conducting wire loop is 
carrying a steady current i as shown in the figure, The 
distance between the diametrically opposite vertices of 
the star is da, The magnitude of the magnetic field at 
the center of the loop is 


(A) 1.6 (3-0 (В) 4 
(c) Hs (v8—1) (0) 3 (2- v3) 
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One or More Option(s) Correct 


‘This section contains 7 questions. Each question 
has four options (A), (B), (C) and (D). One or more 


than one of the is (are) correct. For each 
question, marks urded in one of the following 
categories: 


1. Full Marks: (44) If only the bubble(s) corre- 
sponding to all the соттосо option(s) is(are) dark- 
ened 

2. Partial Marks: (F1) Sor darkening а bubble cor- 
responding to each correct option, provided NO 
incorrect option is darkened 
3. Zero Marks: (0) If none of the bubbles is darkened 
4. Negative Marks: (—2) In all other cases 

For example, if (А). (С) and (D) are all the correct 

options for a question, darkening all these three will 

get +4 marks; darkening only (A) and (D) will get +2 
marks; and darkening (A) and (B) will get —2 marks, 
as a wrong option is also darkened, 
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98. A wheel of radius r and mass m is placed at the 
bottom of a fixed step of height r as shown in the figure. 
А constant force is continuously applied on the surface 
of the wheel so that it just climbs the step without 
slipping. Consider the torque т about an axis normal 
to the plane of the paper passing through the point Q. 
Which of the following option(s) is(are) correct? 


Cr 


der 
Y 


(A) If the force is applied normal to the circumference. 
at point P then 7 is zero. 

(B) If the force is applied tangentially at point S then 
7 £0 but the wheel never climbs the step. 

(C) If the force is applied at point P tangentially then 
т decreases continuously as the wheel climbs. 

(D) If the force is applied normal to the circumference. 
at point X then т is constant. 
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Q9. Two coherent monochromatic point sources S; 
and 52 of wavelength A = 600 nm are placed symmetri- 
cally on either side of the contre of the circle as shown. 
‘The sources are separated by a distance d = 1.8 mm. 
‘This arrangement produces interference fringes visible 
as alternate bright and derk spots on the circumfer- 
ence of the circle, The angular separation between two 
consecutive bright spots is AA. Which of the following 
option(s) is(are) correct? 


(A) The angular separation between two consecutive 
bright spots decreases as we move from Р to Py 
along the first quadrart, 

(В) А dark spot will be formed at the point Pi. 

(©) The total number of fringes produced between Pi 
and P3 in the first quadrant is close to 3000. 
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(0) At Ps the order of the fringe will be maximum. 
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910. A point charge +q is placed just outside an imag- 
inary hemispherical surface of radius r as shown in the 
figure. Which of the following statement(s) is(are) cor- 
rect? 


v 


(A) The electric fux passing through the curved surface 
of the hemisphere is 32 6 E >). 

(B) The component of the electric field normal to the 
flat surface is constant over the surface, 

(C) Total electric flux through the curved and the flat 
surfaces is q/eo- 

(D) The circumference of the flat surface is an equipo- 
tential, 
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911. A rigid uniform bar AB of length 1 is slipping 
from its vertical position on a frictionless floor (as shown 
in the figure), At some instant of time, the angle made 
by the bar with the vertical is @. Which of the following 
statement(s) about its motion is(are) correct? 


(A) Instantaneous torque about the point in contact 
with the floor is proportional to sin 8. 

(B) The trajectory of the point A is a parabola. 

(C) The midpoint of the bar will fall vertically down- 
ward. 

(D) When the bar makes en angle 0 with the vertical, 
the displacement of its midpoint from the initial 
position is proportional to (1 — cos). 
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912. A source of constant voltage V is connected to 
a resistance ft and two identical inductors Li and La 
through a switch 5 as shown. There is no mutual in- 
duetance between the two inductors, The switch 5 is 
initially open. At f = 0, the switch is closed and current 
begins to flow. Which of the following option(s) is(are) 


correct? 
8 
d 3 
(A) After а long time, the current through L will be 
Y Har. 


RISO 
(B) After а long timo, the current through Ly will be 


dou 

(C) The ratio of the currents through Ly and La is fixed 
at all times (t > 0). 

(D) At £ = 0, the current through the resistance A is 
V/R. 
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913. A uniform magnetic field B exists in the region 
between 2 = 0 and 2 = 32/2 (region 2 in the figure) 
pointing normally into the plane of the paper. A parti- 
cle with charge +q and momentum p directed along z- 
axis enters region 2 from region 1 at point Pi(y = —R). 
Which of the following option(s) is(are) correct? 


Region 1 Region 2 | Region 3 


зл/2 


(A) When the particle re-enters region 1 through the 
longest possible path in region 2, the magnitude of 
the change in its linear momentum between point 
P, and the farthest point from y-axis is p/V2. 

(B) For B = 2%, the particle will enter region 3 
through the point Р, cn z-axis. 

(С) For B > 25, the particle will re-enter region 1. 
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(D) For a fixed В, particle of same charge q and same 
velocity v, the distance between the point Р, and 
the point of re-entry into region 1 is inversely pro- 
portional to the mass of the particle. 
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914. The instantaneous voltages at three terminals 
marked X, Y and Z are. 


Vx = Vosinut, 
Vy = Vosin(wt + 22/3), and 
Vz = Vosin(wt + 47/3). 


An ideal voltmeter is configured to read rms value of 
the potential difference between its terminals. It is con- 
nected between point X and Y and then between Y and 
Z. The reading(s) of the voltmeter will be 


(A) Var = ИР. 

(B) vg VER. 

(C) independent of the chcice of the two terminals, 
) 


(0 


У = 0. 
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Paragraph Type 


‘This section contains 4 questions based on two 
paragraphs, Each question has four options (А), (B). 
(C) and (D). Ouly one of these four options is correct. 
For each question, marks will be awarded in one of the. 
following categories: 
1. Full Marks: (+3) ошу the bubble corresponding 
to the correct option is darkened 


2. Zero Marks: (0) In all other cases 
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Paragraph for Questions 15-16 


Consider a simple RC cirenit shown in figure 1. 

Process 1: In the circuit the switch 5 is closed at 
+ = 0 and the capacitor is fully charged to voltage Vo 
(ie, charging continues for time T > RC). In the pro- 
cess some dissipation (Ep) occurs across the resistance 
R. The amount of energy finally stored in the fully 
charged capacitor is Ec. 

Process 2: In a different process the voltage is 
first set to Vo/3 and maintained for a charging time 
T > RC. Then the voltage is raised to 20/3 without 
discharging the capacitor and again maintained for a 
time T > RC. ‘The process is repeated one more time 
by raising the voltage to Vo and the capacitor is charged. 
to the same final voltage Vj as in process 1. 

‘These two processes are depicted in figure 2. 

(2017) 


Figure 1 Figure 2 
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915. In process 1, the energy stored in the capacitor. 
Ec and heat dissipated across resistance Ep are related 


IIT JEE 2017 (Advanced) Paper 2 104 


Q16. In process 2, total energy dissipated across the 
resistance Ep is 
(A) Ep = 30 
(€) Ep 
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Paragraph for Questions 17-18 


One twirls a circular ting (of mass M and radius 
R) near the tip of one's finger as shown in figure 1. 
In the process the finger never loses contact with the 
inner rim of the ring, The ånger traces out the surface 
of a cone, shown by the dotted line. "he radius of 
the path traced out by the point where the ring and 
the finger is in contact is r The finger rotates with 
an angular velocity wo. The rotating ring rolls without 
slipping on the outside of в smaller circle described by 
the point where the ring and the finger is in contact 
(figure 2). The coefficient of friction between the ring 
and the finger is jr and the acceleration due to gravity 
isg. (2017) 


Figure 1 Figure 2 
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Q17. The total kinetic energy of the ring is 

(А) Mag - rf (B) 4Mug(R =r)? 

(C) Maj? (0) маяк — r)? 
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Q18. The minimum value of wy below which the ring 
will drop down is 


(A) farts (8) Узи 
© Kui ©) Vadis 
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Answers. 
1, (D) 10. (А), 
2. (A) 11. (A), 
з. (D) 12. (A), 
4. (©) 13. (B). 
5. (A) 14. (B). 
в. (C) 15. (B) 
т. (A) 16. (A) 
8. (A) also see solution, 17. None (see solution) 
9. (C), (D) 18. (C) 


IIT JEE 2016 


IIT JEE 2016 was а two stage examination (i) JEE 
Mains by CBSE and (ii) JEE Advanced by JAB. There. 
were two papers in JEE Advanced namely, (Advanced) 
Paper 1 and (Advanced) Paper 2. Each of the pa- 
pers has three separate parts for physics, chemistry and 
mathematics. 


Go to IIT JEE 2018 | 2017 | 2016 | 2015 | 2014 | 
2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 
2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 
1999 | 1998 | 1997 | 1996 | 1995 | 1994 | 1993 | 
1992 | 1991 | 1990 | 1989 | 1988 | 1987 | 1986 | 
1985 | 1984 | 1983 | 1982 | 1981 | 1980 | 1979 | 
1978 
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(Advanced) Paper 1 


‘The physies part of the paper contains 18 questions of 
total marks 62. The questions are divided into three 
sections (1) single correct answer type (2) multiple cor- 
rect answers type and (3) integer type. 
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One Option Correct. 


‘This section contains 5 questions. Each question 
has four options (A), (В), (С) and (D). Only one of 
these four options is correct. For each question, marks 
will be awarded in one of the following categories: 

1, Full Marks: +3 If only the bubble corresponding 
to the correct option is darkened 
Zero Marks: 0 If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 
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91. A uniform wooden stick of mass 1.6 kg and length. 
L rests in an inclined manner on a smooth, vertical wall 
of height A (< 0) such that a small portion of the stick 
extends beyond the wall. The reaction force of the wall 
оп the stick is perpendicular to the stick. The stick 
makes an angle of 30° with the wall and the bottom of 
the stick is on a rough floor. The reaction of the wall 
on the stick is equal in magaitude to the reaction of the 
floor on the stick. The ratio A/I and the frictional force 
Г at the bottom of the stick are [g = 10 m/s?] 
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92. A water cooler of storage capacity 120 litres can 
cool water at a constant rate of P watts, In a closed cir- 
culation system (as shown schematically in the figure), 
the water from the cooler is used to cool an external 
device that generates constantly 3 kW of heat (thermal 
load). The temperature of water fed into the device 
cannot exceed 30°C and the entire stored 120 litres of 
water is initially cooled to 10°C. The entire system. 
is thermally insulated. The minimum value of P (in 
watts) for which the device can be operated for 3 hours 
is [Specific heat of water is 42 kJ kg ^ K-! and the den- 
sity of water is 1000 kg/m] 


Cooler. Device 


(A) 1600 (B) 2067 (C) 2533 (D) 
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93. An infinite line charge of uniform electric ch 
density A lies along the axis of an electrically conducting 
infinite cylindrical shell of radius R. At time t = 0, the 
space inside the cylinder is filled with a material of per- 
mittivity e and electrical conductivity ø. The electrical 
conduction in the material follows Ohm’s law. Which 
one of the following graphs best. describes the subse- 
quent variation of the magnitude of the current density 
Л) at any point in the material? 


(A) 30 (B) д9 
Ро 
(0,0) " 46,0) S 
(©) 50 (D) № 
[s 


t 
(00) (0.0) 
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94. In a historical experiment to determine Planck's 
constant, a metal surface was irradiated with light of 
different wavelengths, The emitted photoelectron en- 
ergies were measured by applying a stopping potential 
‘The relevant data for the wavelength (А) of incident. 
light and the corresponding stopping potential (Vo) are 
given below: 


A (um) № (Volt) 


03 20 
04 10 
05 0.4 


Given that с = 3 x 108 m/s and e = 1.6 x 10-1? С, 
Planck's constant (in units of J-s) found from such an 
experiment is 

(A) 60x10™ (В) бах 1074 

(C) 66x 10-9 (р) 6.8x 10" 
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One or More Option(s) Correct 


‘This section contains 3 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of thi is (are) correct. For each 
‘question, marks urded in one of the following 
categories: 
1. Full Marks: (44) If only the bubble(s) corre- 
sponding to all the ccrrect option(s) is(are) dark- 
ened 
2. Partial Marks: (41) Sor darkening а bubble cor- 
responding to each correct option, provided NO 
incorrect option is darkened 
3. Zero Marks: (0) If none of the bubbles is darkened 
4. Negative Marks: (—2) In all other cases 
For example, if (А). (С) and (D) are all the correct 
options for a question, darkening all these three will 
get +4 marks; darkening only (A) and (D) will get +2 
marks; and darkening (A) and (B) will get —2 marks, 
as a wrong option is also darkened, 
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95. А length-scale (1) depends on the permittivity (e) 
of a dielectric material, Boltzmann constant (Ев), the 
absolute temperature (T), the number per unit volume 
(n) of certain charged particles, and the charge (4) car- 
ried by each of the particles. Which of the following 
expression(s) for l is(are) dimensionally correct? 


“i= Jr (В) i= y 


аот 


(©) t= ashen (Dim Мт 
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Q6. A transparent slab of thickness d has a refractive 
index n(s) that increases with 2, Here z is the vertical 
distance inside the slab, measured from the top. The 
slab is placed between two media with uniform refrac- 
tive indices nı and ла (> m), as shown in the figure. 
А ray of light is incident with angle 6; from medium 1 
and emerges in the medium 2 with refraction angle бу 
with a lateral displacement 1. Which of the following 
statement(s) is(are) true? 


"I 
ny=eonst 


inm 1 
i 


LJEEBOOE 
ng=eonst Т E 


(A) msingi 

(В) msing; = 
(C) Lis independent of nz 
(D) Lis dependent of n(2) 
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Q7. The position vector 7 of a particle of mass m is 
given by the following equation 


At) = ati + BP 5, 


where a = 10/3 m/s", 8 — 5 m/s? and m = 0.1 kg. At 
t= 1 s, which of the following statement(s) is(are) true 
about the particle? 
(A) The velocity i is given by F= (10 -- 104) m/s. 
(B) The angular momentum Ё with respect to the ori- 

gin is given by Ё k 
(C) The force F 
(D) The torque 7 with respect. to the origin is given by 
20/3k Ма. 
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Q8. A conducting loop in the shape of a right angled 
isosceles triangle of height 10 cm is kept such that the 
90° vertex is very close to cn infinitely long conducting 
wire (see the figure), The wire is electrically insulated 
from the loop. The hypotenuse of the triangle is parallel 
to the wire. ‘The current in the triangular loop is 
counterclockwise direction and increased at a constant. 
rate of 10 A/s. Which of the following statement(s) 
(аге) true? 


(A) The magnitude of induced emf in the wire is jo/7. 
volt. 

(B) If the loop is rotated at a constant angular speed 
about the wire, an additional emf of po/s volt is 
induced in the wire. 

(C) The induced current in the wire is in opposite di- 
rection to the current along the hypotenuse 

(D) There is a repulsive force between the wire and the. 
loop. 
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Q9. A plano-convex lens is made of material of refrac- 
tive index n, When а small object is placed 30 em away 
in front of the curved surface of the lens, an image of 
double the size of the objec: is produced, Due to reflec- 
tion from the convex surface of the lens, another faint. 
image is observed at a distance of 10 cm away from the 
lens. Which of the following statement(s) is(are) true? 


(A) The refractive index of the lens is 2.5. 

(B) The radius of curvature of the convex surface is 
45 cm. 

(С) The faint image is erect and real. 

(D) The focal length of the lens 5:20 em. 
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910. An incandescent bulb has a thin filament of tung- 

sten that is heated to high temperature by passing an 

electric current, The hot filament emits black-body ra- 

diation, The filament is observed to break up at random 

locations after a sufficiently long time of operation due 

to non-uniform evaporation of tungsten from the fila- 

ment. If the bulb is powered at constant voltage, which 

of the following statement(s) is(are) true? 

(А) The temperature distribution over the filament is 
uniform, 

(В) The resistance aver small sections of the filament 
decreases with time. 

(C) The filament emits: more light) at-higher band of 
frequencies before it breaks up. 

(D) The filament consumes less electrical power to- 
wards the end of the life of the bulb. 


IIT JEE 2016 (Advanced) Paper 1 123 


Q11. Two loudspeakers M and N are located 20 m 
apart and emit sound at frequencies 118 Hz and 121 Hz, 
respectively. А car is initially at a point P, 1800 m away 
from the midpoint Q of the line MN and moves towards 
Q constantly at 60 km/hr along the perpendicular bi- 
sector of MN, It crosses Q and eventually reaches a 
point R, 1800 m away from Q. Let v(t) represent the 
beat frequency measured by a person sitting in the car 
at time t. Let vp, vg and vp be the beat frequencies 
measured at locations P, Q and R, respectively. The 
speed of sound in air is 330 m/s. Which of the follow- 
ing statement(s) is(are) true regarding the sound heard 
by the person’, 
(A) vp + vg = va. 
(B) The rate of change in beat frequency is maximum. 
when the ear passes through Q. 
(C) The plot below represents schematically the varia- 
tion of beat frequency with time. 
0 


(D) The plot below represents schematically the varia- 
tion of beat frequency with time. 
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912. Highly excited states for hydrogen-like atoms 

(also called Rydberg states) with nuclear charge Ze are 

defined by their principal quantum number n, where 

n> d. Which of the following statement(s) is(are) 

true? 

(A) Relative change in the radii of two consecutive or- 
bitals does not depend on Z. 

(B) Relative change in the radii of two consecutive or- 
bitals varies as 1/n. 

(C) Relative change in the energy of two consecutive. 
orbitals varies as 1/n* 

(D) Relative change im th angular momenta of two 
consecutive orbitals: varies as L/n- 
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913. A parallel beam of light is incident from air at 
an angle а on the side PQ of a right angled triangular 
prism of refractive index п = V2. Light undergoes total 
internal reflection in the prism at the face PR when а 
has a minimum value of 45°. ‘The angle 8 of the prism 


(A) 15° (B) 22.5° (C) 30° (D) 45° 
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Integer Туре 


‘This section contains 5 questions. The answer to 
each question is a single digit integer ranging from 0 
to 9, both inclusive, For each question, marks will be 
awarded in one of the following categories: 
1, Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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914. A metal is heated in a furnace where a sensor is 
kept above the metal surface to read the power radiated 
(P) by the metal, The sensor has a scale that displays 
loga(P/ Po), where Py is a constant, When the metal 
surface is at a temperature of 487 °C, the sensor shows 
a value of 1. Assume that the emissivity of the metallic 
surface remains constant. What is the value displayed 
by the sensor when the temperature of the metal surface 


is raised to 2767 °C? 
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915. The isotope "7B having a mass 12.014 u under- 
goes decay to ZC, 120 has an excited state of the 
nucleus (!2C*) at 4,041 MeV above its ground state. 
If 2B decays to '2C*, the maximum kinetic energy 
of the S-particle in units of MeV is {lu = 
931.5 MeV /c?, where c is the speed of light in vacuum. 
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Q6. А hydrogen atom in its ground state is irra- 
diated by light of wavelength 970 А. Taking he = 
287 x 107^ eV m and the ground state energy of hy- 
drogen atom as —13.6 eV, the number of lines present 
in the emission spectrum is. 
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Q17. Consider two solid spheres P and Q each of den- 
sity 8 g/cm? and diameters 1 cm and 0.5 cm, respec- 
tively, Sphere P is dropped into a liquid of density 
0.8 g/cm? and viscosity 1 = 3 poiseulles. Sphere Q is 
dropped into a liquid of density 1.6 g/em* aud viscosity 
11 = 2 poiseulles. ‘The ratio of the terminal velocities of 
P and Qis. 
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918. Two inductors L; (inductance 1 mH, internal re- 
sistance 3) and L2 (inductance 2 mH, internal resis- 
tance 4), and a resistor R (resistance 12 Q) are all 
connected in parallel across a 5 V battery. The circuit 
is switched on at time t = 0. The ratio of the maxi- 
mum to the minimum current (к Lois) drawn from 
the battery is 


IIT JEE 2016 (Advanced) Paper 1 
Answers 


(Advanced) Paper 2 


‘The physies part of the paper contains 18 questions of 
total marks 62. The questions are divided into three 
sections (1) single correct answer type (2) multiple cor- 
rect answers type and (3) paragraph type. 


134 
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One Option Correct. 


‘This section contains 6 questions. Each question 
has four options (A), (В), (C) and (D). Only one of 
these four options is correct. For each question, marks 
will be awarded in one of the following categories: 

1, Full Marks: +3 If only the bubble corresponding 
to the correct option is darkened 
Zero Marks: 0 If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 
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91. The electrostatic energy of Z protons uniformly 
distributed throughout a spherical nucleus of radius R 
is given by 

32-1 
5 мов 


‘The measured masses of the neutron, }H, 12, 20 are 
1.008665 u, 1.007525 u, 15.000109 u and 15.003065 u, 
respectively. Given that the radii of both the £N and 
120 nuclei аге same, 1 u = 931.5 MeV/c? (e is the speed 
of light) and е2/(4тед) = 144 MeV-fm. Assuming that 
the difference between the binding energies of '2N and 
130 is purely due to the electrostatic energy, the radius 
of either of the nuclei is [1 fm = 10—19 m] 

(А) 2,85 fm (В) 3.03 fm (C) 3.42 fm (D) 3.80 fm 
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92. An accident in a nuelear laboratory resulted in 
deposition of a certain amount of radioactive material 
of half life 18 days inside the laboratory, Tests revealed 
that the radiation was 64 times more than the permis- 
sible level required for safe operation of the laboratory. 
What is the minimum number of days after which the 
laboratory can be considered safe for use? 

(A) 61 (B) 90 (C) 108 (D) 120 
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93. A gas is enclosed in a cylinder with a movable fric- 
tionless piston. Its initial thermodynamic state at pres- 
sure pj = 10* Pa and volume V; = 10— m? changes to а 
final state ру = (1/32) x 10° Pa and У; = 8 x 10-3 m? 
in an adiabatic quasi-static process, such that рУ? = 
constant. Consider another thermodynamic process 
that brings the system from the same initial state to 
the same final state in two steps: an isobaric expansion 
at pi followed by an isochorie (isovolumetric) process at 
volume Vj. The amount of heat supplied to the system 
in the two-step process is approximatel 
(A) 112 (B) 2943 (C) 5881 (D) 813 
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94. The end Q and R of iwo thin wires, РО and RS, 
are soldered (joined) together, Initially each of the wires 
has a length of 1 m at 10°С, Now the end P is main- 
tained at 10°C, while the end S is heated and main- 
tained at 400°C, ‘The system is thermally insulated 
from its surroundings. If the thermal conductivity of 
wire PQ is twice that of the wire RS and the coefficient 
of linear thermal expansion of PQ is 1.2 х 107° K-', 
the change in length of the wire PQ is 

(A) 078mm (B) 0.90 mm 

(C) 156mm (D) 2:34 mm 
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95. А small object is placed 50 cm to the left of a thin 
convex lens of focal length 30 сш. A convex spherical 
mirror of radius of curvature 100 em is placed to the 
right of the lens at a distance of 50 сш. The mirror is 
tilted such that the axis of the mirror is at an angle 
0 = 30° to the axis of the lens, as shown in the figure, 


f= 300m 


(50,0) 


Xe 
$ 
(50 + 503, —50) 


Tf the origin of the coordinate system is taken to be at 
the centre of the lens, the coordinates (in cm) of the 
point (z, y) at which the image is formed are 

(A) (0,0) (В) (50-2573, 25) 

(С) (25,25/3) (D) (125/3, 25/3) 


IIT JEE 2016 (Advanced) Paper 2 nn 


Q6. There are two Vernier calipers both of which have 
1 cm divided into 10 equal divisions on the main scale. 
The Vernier scale of one of the calipers (C1) has 10 
equal divisions that correspond to 9 main scale divi- 
sions. The Vernier scale of the other caliper (C2) has 
10 equal divisions that correspond to 11 main scale di- 
visions. The readings of tbe two calipers are shown in 
the figure. The measured values (in cm) by calipers Cs 
and C2, respectively are 


(A) 2.85 and 2.82 (B) 287 and 2.83 
(С) 287 and 2.86 (D) 287 and 2.87 
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One or More Option(s) Correct 


‘This section contains 3 questions. Each question 
has four options (A), (B). (C) and (D). One or more 


than one of the is (are) correct. For each 
question, marks urded in one of the following 
categories: 


1. Full Marks: (44) If only the bubble(s) corre- 
sponding to all the ccrrect option(s) is(are) dark- 
ened 

2. Partial Marks: (41) Sor darkening а bubble cor- 
responding to each correct option, provided NO 
incorrect option is darkened 
3. Zero Marks: (0) If none of the bubbles is darkened 
4. Negative Marks: (—2) In all other cases 

For example, if (А). (С) and (D) are all the correct 

options for a question, darkening all these three will 

get +4 marks; darkening only (A) and (D) will get +2 
marks; and darkening (A) and (B) will get —2 marks, 
as a wrong option is also darkened, 
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Q7. Two thin circular discs of mass m and 4m, having 
radii of a and 2a, respectively, are rigidly fixed by a 
massless, rigid rod of length Г = v/24a through their 
centers. This assembly is laid on a firm and flat surface, 
and set rolling without slipping on the surface so that 
the angular speed about the axis of the rod is w. The 
angular momentum of the entire assembly about the 
point *O' is Z (see the figure). Which of the following 
statement(s) (аге) 


(A) The center of mass of the assembly rotates about 
the z-axis with an angular speed «0/5. 

(В) The magnitude of angular momentum of center of 
mass of the assembly about the point О is SIma?w. 

(С) The magnitude of angular momentum of the as- 
sembly about its center of mass is 17ma®w/2. 

(D) The magnitude of the s-component of Ё is 
oma? 
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Q8. Light of wavelength Apn falls on a cathode plate 
inside a vacuum tube as shown in the figure. The 
work function of the cathode surface is ó and the an- 
ode is a wire mesh of conducting material kept at a 
distance d from the cathode, A potential difference V 
is maintained between the electrodes. If the minimum 
de Broglie wavelength of the electron passing through 
the anode is A., which of the following statement(s) 
is(are) true? 


"i 
CERES 


у 


(A) Ac decreases with increase in ава Ap. 

(В) А. is approximately halved, if d is doubled, 

(С) For large potential difference (V > 9/е), А, is ap- 
proximately halved if V is made four times, 

(D) А. increases at the seme rate as Apn for Ља < 
вед. 
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Q9. In an experiment to determine the acceleration 
due to gravity g, the formula used for the time period 
of a periodic motion is T The val- 
ues of R and r are measured to be (60 + 1) mm and 
(101) mm, respectively. In five successive measure- 
ments, the time period is found to be 0.52 s, 0.56 s, 
0.57 s, 0.54 s and 0.595. The least count of the watch 
used for the measurement of time period is 0.01s. 
Which of the following statement(s) is(are) tru 
(A) The error in the measurement of r is 10%, 
(В) The error in the measurement of T is 3.57%. 
(C) The error in the measurement of T is 2% 

(D) The error in the determined vale of gis 11%, 
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910. Consider two identical galvanometers and two 

identical resistors with resistance ft. If the internal re- 

sistance of the galvanometers Re < R/2, which of the 
following statement(s) about any one of the galvanome- 
ters is(are) true? 

(A) The maximum voltage range is obtained when all 
the components are connected in seri 

(B) The maximum voltage range is obtained when the 
two resistors and one galvanometer are connected 
in series, and the second galvanometer is connected 
in parallel to the first galvanometer. 

(С) The maximum current range is obtained when all. 
the components are connected in parallel. 

(D) The maximum current range is obtained when the 
two galvanometers are connected in series and the 
combination is connected in parallel with both the. 
resistors, 
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911. In the circuit shown in the figure, the key is 
pressed at time ¢ = 0, Which of the following state- 
ment(s) isare) true? 


E 


(A) The voltmeter displays —5 V as soon as the key is 
pressed, and displays —5 V after along time. 

(B) The voltmeter will display OV at time ё = 
In2 seconds, 

(С) The current in the ammeter becomes 1/e of the 
initial value after 1 second, 

(D) The current in the ammeter becomes zero after a 
long time. 
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912. A block with mass M is connected by a massless 
spring with stiffness constant k to a rigid wall and moves 
without frietion on a horizontal surface. The block os- 
cillates with small amplitude A about an equilibrium 
position zo. Consider two cases: (1) when the block is 
at zp; and (2) when the block is at a А. In 
both the cases, a particle with mass m (< M) is softly 
placed on the block after which they stick to each other 

Which of the following statement(s) is(are) true about. 
the motion after the mass m is placed on the mass M? 


(A) The amplitude of oscillation in the first case 
changes by à füctor af ИА 
ond case it remains unchanged, 

(В) The final time period of oscillation in both the cases. 

(С) The total energy decreases in both the cases. 

(D) The instantaneous speed at то of the combined 
masses decreases in both the cases. 


whereas in the вес 
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913. While conducting the Young's double slit exper- 
iment, a student replaced the two slits with a large 
‘opaque plate in the г-у plare containing two small holes 
that act as two coherent point sources (51, S2) emitting 
light of wavelength 600 nm. ‘The student mistakenly 
placed the screen parallel to the -z plane (for = > 0) 
at a distance D = 3m from the mid-point of 5,5». 
as shown schematically in the figure, The distance be- 
tween the sources is d = 0.6003 mm. The origin O is at 
the intersection of the screen and the line joining S4 S2- 
Which of the following is(aze) true of the intensity pat- 
tern on the screen? 


(A) Straight bright and dark bands parallel to the z- 

(В) The region very close to the point O will be dark. 

(C) Hyperbolic bright and dark bands with foci sym- 
metrically placed about О in the z-direction. 
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(D) Semi circular bright and dark bands centered at 
point О. 
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Q14. A rigid wire loop ofsquare shape having side of 
length L and resistance А is moving along the z-axis 
with a constant velocity ve in the plane of the paper. 
At t = 0, the right edge of the loop enters a region 
of length 3L where there is a uniform magnetic field 
By into the plane of the paper, as shown in the figure. 
For sufficiently large ro, the loop eventually crosses the 
region. Let « be the location of the right edge of the 
loop. Let v(z), í(z) and Fix) represent the velocity of 
the loop, current in the loop, and force on the loop, те- 
spectively as a function of x. Counter-clockwise current 
is taken as positive. Which of the following schema 

plot(s) is(are) correct? [Ignore gravity 
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Paragraph Type 


‘This section contains 4 questions based on two 
paragraphs. Each question has four options (A), (B). 
(C) and (D). Ouly one of these four options is correct. 
For each question, marks will be awarded in one of the. 
following categories: 
1. Full Marks: (+3) ошу the bubble corresponding 
to the correct option is darkened 


2. Zero Marks: (0) In all other cases 
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Paragraph for Questions 15-16 


A frame of reference that is accelerated with re- 
spect to an inertial frame of reference is called а non- 
inertial frame of reference. A coordinate system fixed 
ona circular disc rotating about a fixed axis with a con- 
stant angular velocity w is an example of a non-inertial 
frame of reference. The relationship between the force 
Fro experienced by a particle of mass m moving on 
the rotating disc and the force £i, experienced by the 
particle in an inertial frame of reference is 


Вы = Fin + 2m (ot x 2) + m(2 x P) x d, 


where Fot is the velocity of the particle in the rotating 
frame of reference and 7 is the position vector of the 
particle with respect to the centre of the disc. 


Now consider a smooth slot along a diameter of a 
disc of radius R rotating counter-clockwise with a con- 
stant angular speed w abou; its vertical axis through its 
center. We assign a coordinate system with the origin 
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at the center of the disc, the z-axis along the slot, the 
y-axis perpendicular to th» slot and the z-axis along 
the rotation axis (2 = wk), A small block of mass m is 
gently placed in the slot at ғ = (R/2)i at t = 0 and is 
constrained to move only along the slot. (2016) 
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Q15. The distance r of the block at time t is 

(А) Edet te) (B) E cosit 

(С) (erre ert) (D) Feos2ut 


TIT JEE 2016 (Advanced) Paper 2 157 
Q16. The net reaction of the disc on the block is 

(A) imwR (e? — 62) j4 той 

(B) inu R (e*t — e) j+ mak 

(C) =m? Roost j— той 

(D) ma? Rsinzt j- ток 
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Paragraph for Questions 17-18 


Consider an evacuated cylindrical chamber of 
height A having rigid conducting plates at the ends 
and an insulating curved surface as shown in the fig- 
ure, А number of spherical balls made of light weight 
and soft material and coated with a conducting material 
are placed on the bottom plate. The balls have a radius 
r < h. Now a high voltage source (HV) is connected 
across the conducting plates such that the bottom plate 
is at +Vj and the top plate at И» Due to their con- 
ducting surface, the balls will get charged, will become 
equipotential with the plate and are repelled by it. The 
balls will eventually. collide with the top plate, where 
the coefficient of restitution can be taken to be zero 
due to the soft nature of the material of the balls. The 
electric field in the chamber can be considered to be 
that of a parallel plate capacitor. Assume that there 
are no collisions between te balls and the interaction 
between them is negligible. [Ignore gravity] — (2016) 


a— 
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917. Which one of the following statements is correct? 

(A) The balls will stick te the top plate and remain 
there. 

(B) The balls will bounce back to the bottom plate 
carrying the same charge they went up with, 

(C) The balls will bounce back to the bottom plate 
carrying the opposite charge they went up with. 

(D) The balls will execute simple harmonic motion be- 
tween the two plates. 
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918. The average current in the steady state regis- 
tered by the ammeter in the circuit will be 

(A) zero 

(В) proportional to the potential Vo 

(C) proportional to Vj ^ 

(D) proportional to И 
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Answers 


IIT JEE 2015 


IIT JEE 2015 was a two stage examination (i) JEE 
Mains by CBSE and (ii) JEE Advanced by JAB. There. 
were two papers in JEE Advanced namely, (Advanced) 
Paper 1 and (Advanced) Paper 2. Each of the pa- 
pers has three separate parts for physics, chemistry and 
mathematics. 


Go to IIT JEE 2018 | 2017 | 2016 | 2015 | 2014 | 
2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 
2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 
1999 | 1998 | 1997 | 1996 | 1995 | 1994 | 1993 | 
1992 | 1991 | 1990 | 1989 | 1988 | 1987 | 1986 | 
1985 | 1984 | 1983 | 1982 | 1981 | 1980 | 1979 | 
1978 


152 


(Advanced) Paper 1 


‘The physies part of the paper contains 20 questions of 
total marks 88. The questions are divided into three 
sections (1) integer type (2) multiple correct answers 
type and (3) matrix-matching type. 


183 
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One or More Option(s) Correct 


‘This section contains 10 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (aro) correct. Marking 
scheme is: 

1. Full Marks: (44) If only the bubble(s) corre- 
sponding to all the ccrrect option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles is darkened 
Negative Marks: (—2) hi all other cases 
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91. A ring of mass m and radius r is rotating with an- 
gular speed w about a fixed vertical axis passing through 
its centre О with two point masses, each of mass 7? at 
Test at О. These masses can move radially outwards 
along two massless rods fixed on the ring as shown in 
the figure, At some instant the angular speed of the 
system is Sw and one of the masses is at a distance of 
Ër from О. At this instant the distance of the other 
mass from O is 


CS 


(А) $r (B) gr (C) $r (D) jr 
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92. Two independent harmonic oscillators of equal 
mass are oscillating about the origin with angular fre- 
‘quencies ал and co» and have total energies Ey ава Ez, 
respectively. The variations of their momenta p and 
position г are shown in the figures, If a/b = n? and 
afr = п, then the correct equation(s) is (are) 


р р 


Energe- Es Energy Es 


(A) Ex = Exe (B) nf =n? 
(C) wiwa = т? (D) Eius = Ba/we 
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Q3. Planck's constant А, speed of light ¢ and gravi- 
tational constant G are used to form a unit of length 
L and a unit of mass M. Then the correct option(s) 
is (are) 

(A) Мку (B) Ma VG 

(С) Lxvh (D) LxvG 
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94. Consider a Vernier callipers in which each 1cm 
on the main scale is divided into 8 equal divisions and 
a screw gauge with 100 divisions on its circular seale. 
In the Vernier eallipers, 5 civisions of the Vernier scale. 
coincide with 4 divisions ол the main scale and in the 
screw gauge, one complete rotation of the circular scale. 
moves it by two divisions on the linear scale. Then, 
(A) If the pitch of the serew gauge is twice the least 
count. of the Vernier callipers, the least count of 
the screw gauge is 0.01 mm. 

(В) If the pitch of the screw gauge is twice the least 
count of the Vernier eallipers, the least count of 
the screw gauge is 0.005 mm. 

(C) If the least count of the linear scale of the screw 
gauge is twice the least count of the Vernier 
callipers, the least count of the screw gauge is 
0,01 mm, 

(D) If the least count of the linear seale of the screw 
gauge is twice the least count of the Vernier 
callipers, the least count of the screw gauge is 
0,005 mm. 
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95. For photo-clectrie effect with incident photon 
wavelength A, the stopping potential is Vo, Identify 
the correct variation(s) of V with A and 1. 


(Ay № (в) № 


(OR (D) % 


1А MA 
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Q6. In an aluminium (Al) bar of square cross-section, 


shown in the figure, The electrical resi 
and Fe are 2.7 x 10-5 Q m and 1.0 x 10-7 Q m, respec- 
tively. "The electrical resistance between the two faces 
P and Q of the composite bar is 


(А) 202 ро (B) 18 wo (C) 1972 uo (D) 252 po 
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Q7. The figure depicts two situations in which two in- 
finitely long static line charges of constant positive line 
charge density A are kept parallel to each other. In their 
resulting electric field, point charge q and —q are kept in 
equilibrium between them. ‘The point charges are con- 
fined to move in the x direstion only. If they are given 
small displacement about their equilibrium positions, 
then the correct statements(s) is (are) 


X A A А 


(A) Both charges execute SHM. 

(B) Both charges will continue moving in the direction 
of their displacement. 

(C) Charge +q executes SHM while charge —9 contin- 
ues moving in the direction of its displacement 

(D) Charge —g executes SHM while charge +q contin- 
ues moving in the direction of its displacement, 
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Q8. Two identical glass rods S; and Sz (refractive in- 
dex = 1.5) have one convex end of radius of curvature 
10 cm. They are placed with the curved surface at a dis- 
tance d as shown in the figure, with their axes (shown 
by the dashed line) aligned. When a point source of 
light P is placed inside rod 5) on its axis at a distance 
of 50 cm from the curved face, the light rays emanating 
from it are found to be parallel to the axis inside Sy 
‘The distance d is 
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Q9. A conductor (shown in the figure) carrying con- 
stant current Z is kept in the 2-0 plane in a uniform 
magnetic field B. If F is the magnitude of the total 
magnetic force acting on the conductor, then the cor- 
rect statement(s) is (are) 


(A) If Bis along 2, F oc (+ R) 
(B) 1f Bis along ғ F =0 
(C) If B is along ў, F x (L+ В) 
(D) If B is along £, F = 0 
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910. A container of fixed volume has а mixture of one 

mole of hydrogen and one mole of helium in equilibrium, 

at temperature T. Assuming the gases are ideal, the 

correct statement(s) is (are) 

(A) The average energy per mole of the gas mixture is 
2RT 

(B) The ratio of speed of sound in the gas mixture to 
that in helium gas is /6/5. 

(С) The ratio of the rms speed of helium atoms to that 
of hydrogen molecules is 1/2. 

(D) The ratio of the rms speed of helium atoms to that 
of hydrogen molecules is 1/2. 
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Integer Type 


‘This section contains 8 questions. The answer to 
each question is a single digit integer ranging from 0 
to 9, both inclusive. For each question, marks will be 
awarded in one of the following categories: 
1, Full Marks: (+4) If only the bubble corresponding 
to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q11. Consider a hydrogen atom with its electron in 
the n™ orbital. An electromagnetic radiation of wave- 
length 90 nm is used to ionize the atom. If the kinetic. 
energy of the ejected electron is 10,4 eV, then the value 
oF nis isses [he = 1242 eV nm]. 


IIT JEE 2015 (Advanced) Paper 1 пт 


912. An infinitely long uniform charge distribution of 
charge per unit length A Les parallel to the y-axis in 
the y-z plane at z = 3a (see figure). If the magnitude 
of the flux of the electric field through the rectangular 
surface ABCD lying in the з-у plane with its centre at 
the origin is AL /(neq) (6) = permittivity of free space), 
then the value of n is 
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913. A Young's double sit interference arrangement 
with slits Sı and S; is immersed in water (refractive 
index = 4/3) as shown in the figure, The positi 
of maxima on the surface of water are given by 2° 
рта? — d?, where А is the wavelength of light in air 
(refractive index = 1), 2d is the separation between the 
slits and m is an integer. The value of p is ......- 


al 


IIT JEE 2015 (Advanced) Paper 1 179 


914. A nuclear power plant supplying electrical power 
to а village uses a radioactive material of half life T 
years as the fuel. The amount of fuel at the beginning 
is such that the total power requirement of the village 
is 12.5% of the electrical power available from the plant 
at that time. If the plant is able to meet the total power 
needs of the village for a maximum period of nT years, 
then the value of n 


IIT JEE 2015 (Advanced) Paper 1 180 


915. Consider a concave mirror and a convex lens (re- 
fractive index = 1.5) of focal length 10 em each, sepa- 
rated by а distance of 50 em in air (refractive index 
1) as shown in the figure. An object is placed at а dis- 
tance of 15 em from the mirror, Its erect image formed 
by this combination has magnification mi. When the 
set-up is kept in a medium of refractive index 7/6, the 
magnification becomes ma. The magnitude |m2/r| 
is 
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Q16. Two spherical stars A and B emits blackbody 
radiation, The radius of A is 400 times that of B and 
A emits 10! times the power emitted from B, The ra- 
tio Aa/Ag of their wavelengths A4 and Ag at which 
the peaks occur in their respective radiation curves 
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917. Two identical uniform dises roll without slipping 
on two different surfaces AB and CD (see figure) start- 
ing at А and С with linear speeds vı and vo, respec- 
tively, and always remain in contact with the surface. 
If they reach В and D with the same linear speed and 
vı = 3 m/s, then vy in m/sis . 


СЕИ 
30m 
een 
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918. A bullet is fired vertically upwards with velocity 
v from the surface of a spherical planet, When it reaches 
its maximum height, its acceleration due to the planet's 
gravity is 1/4* of its value at the surface of the plane 
If the escape velocity from the planet is tase = vVN, 
then the value of ін [ignore energy loss due 
to atmosphere] 
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Matrix or Matching Type 


‘This section contains two questions. Each ques- 
tion contains two columns, column 1 aud column П. 
Column I has four entries (A), (B), (C) and (D). Col- 
umn П has five entries (p), (a), (r), (5) and (t). Match 
the entries in column I with entries in column П. One or 
more entries in column 1 may match with one or more 
entries in column П. For each entry in column I, darken 
the bubbles of all the matching entries. For example, 
if entry (A) in. column. T rratches with: entries (q), (r) 
and (t), then darken these three bubbles in the ORS. 
Similarly, for entries (B), (C) and (D). Marking scheme. 
for each entry in column I is: 
1. Full Marks: (42) If only the bubble(s) corre- 
sponding to the correct match(es) is(are) dark- 
ened 


Zero Marks: (0) If none of the bubbles is darkened 
Negative Marks: (—1) In all other cases 
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919. A particle of unit mass is moving along the z 
axis under the influence of а force and its total energy is 
conserved. Four possible forms of the potential energy 
of the particle are given in Column 1 (a and Uy are 
constants). Match the potential energies in Column 7 
to the corresponding staterent(s) in Column J. 


Column T Column П 

(a) Uae) = ji- (2) (p) The force acting 
on the particle is 
doro at z 


(8) Uae a) The force acting 
om the partiele is 

sero atr 
(0 The force acting 
on the particle i 
(9) The particle ex- 
pelences an ai- 
tractive foree to- 
wards z = 0 in 
the region [e| <a. 
(© The particle 
with total energy 
Da ‘can oscillate 
about the point 


(€) Usle 


(D) tate 
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Q20. Match the nuclear processes given in Column I 
with the appropriate option(s) in Column II. 


Column T 


Column П 


(A) Nuclear fusion 


(B) Fission in a nuclear. 
reaction. 
(C) «decay 


(D) y-ray emission. 


(p) Absorption of ther- 
mal neutron by 80 
(a) Со nucleus 


(t) Energy production 
in stars via hydrogen 
conversion to helium 

(5) Heavy water 

(4) Neutrino emission 
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Answers 


D 
B, 
А. 
B, 

СА, 
B 
с 
в 


13.3 
14. 
15. 7 
16. 
17.7 
18. 
19. Ар, q, r, t), 
В-ка, s), Cp. s), 
Des(p, r, t) 
20; Arr, t)i Bp, 
Сена, t), D>) 


» 


(Advanced) Paper 2 


‘The physies part of the paper contains 20 questions of 
total marks $0. The questions are divided into three 
sections (1) integer type (2) multiple correct answers 
type and (3) paragraph type. 


189 
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Integer Type 


‘This section contains 8 questions. The answer to 
each question is a single digit integer ranging from 0 
to 9, both inclusive, For each question, marks will be 
awarded in one of the following categories: 
1, Full Marks: (+4) If only the bubble corresponding 
to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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91. The energy of a system as a function of time t is 
given as E(t) = A®exp(—ot), where а 1. The 
measurement of A has an error of 1.25%. If the error in 
the measurement of time is 1.50%, the percentage error 
in the value of E(t) at t= 5s i 
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92. A large spherical mass M is fixed at one position 
and two identical point masses m are kept on a line 
passing through the centre of M (see figure). The point 
masses are connected by а rigid massless rod of length 
Land this assembly is free to move along the line con- 
necting them. All three masses interact only through 
their mutual gravitational interaction. When the point 
mass nearer to M is at a distance г = 3l from M, the 
ion in the rod is zero for m = k (24). The value of 
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Q3. An electron in an excited state of Li** ion has 
angular momentum 3h/2n. The de-Broglie wavelength 
of the electron in this state is pray (where ag is the 
Bohr radius). The value of p is . 
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94. In the following circtit, the current through the 


20) is I Amperes. The value of 7 is. 


R(= 20) "m 
n 
E 
en: 
65V. P. 
ioe 


an 


an 
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95. A monochromatic beam of light is incident at 60° 
on one face of an equilateral prism of refractive index 
n and emerges from the opposite face making an angle 
(n) with the normal (see figure). For n = УЗ the value 
of @ is 60° and 4/40 = m. The value of m is 
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Q6. For a radioactive material, its activity A and rate 
of change of its activity А are defined as А = —dN/dt. 
and R = —dA/dt, where N(t) is the number of nu- 
clei at time t. Two radioactive sources P (mean life т) 
and Q (mean life 27) have the same activity at t = 0. 
‘Their rates of change of activities at t = 2r are Rp and 
pectively. If Rp/Rq = п/е, then the value of n 
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QT. Four harmonic waves of equal frequencies and 
equal intensities Jo have phase angles 0, 7/3, 27/3 and 
т. When they are superposed, the intensity of the re- 
sulting wave is nlp. The value of n is ......- 
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Q8. The densities of two solid spheres A and В of the 
radii R vary with radial distance r as pa(r) = k (r/R) 
and рв(г) = k(r/R)°, respectively, where К is a con- 
stant. The moments of inertia of the individual spheres 
about axes passing through their centres are /4 and Ip, 
respectively. If 5/14 = n/10, the value of n is 
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Опе ог Моге Option(s) Correct 


‘This section contains 3 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (are) correct, Marking 
scheme is: 

1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: (—2) In all other cases 
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Q9. A fission reaction is given by 2280 — Xe + 
Sr + x + y, where z and y are two particles. Con- 
sidering 2390 to be at rest, the kinetic energies of the 
products are denoted by Kxe, se, Kx(2 MeV) and 
Ky(2 MeV), respectively. Let the binding energies per 
nucleon of 880, 10Xe, and 345: be 7.5 MeV, 8.5 MeV 
and 8.5 MeV, respectively, Considering different. con- 
» laws, the correct option(s) is (are) 

20 MeV, Kx, = 86 MeV 

29 MeV, Кх. = 86 MeV 
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Q10. Two spheres P and Q of equal radii have densi- 
ties py and pa, respectively. The spheres are connected. 
by a massless string and placed in liquids Za and La of 
densities от and оз and viscosities m and jp, respec- 
tively. They float in equilibrium with the sphere P in 
Ly and sphere Q in Lz and the string being taut (see 
figure). If sphere P alone in La has terminal velocity 
Tp and Q alone in Гл has terminal velocity ig, then 


| 


wg- wg 
(0) а 70 (0) ат 


"LH 
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Q11. In terms of potentiel difference V, electric cur- 
rent Г, permittivity €o, permeability juo and speed of 
light с, the dimensionally correct equation(s) is (are) 
(А) pol? = «V? (В) eof = роу 

(C) T= осу (D) joel = 69V 
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Q12. Consider a uniform spherical charge distribution 
of radius r, centered at the origin О. In this distribu- 
tion, a spherical cavity of radius ra, centered at P with 
distance OP = a = ry — ra (see figure) is made. If the 
electric field inside the cavity at position r'is (Я), then 
the correct statement(s) is (are) 


(А) Ё is uniform, its magnitude is independent of rz 
bnt its direction depends on ў. 

(В) Ё is uniform, its magnitude depends on rz and its 
direction depends on 7. 

(C) E is uniform, its magnitude is independent of a but 
its direction depends on й. 

(D) Ё is uniform and both its magnitude and direction 
depend on d. 
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913. In plotting stress versus strain curves for two 
materials P and Q, a student by mistake puts strain 
on the y-axis and stress on the a-axis as shown in the 
figure. Then the correct statement(s) is (are) 


Strain 


D 
p^ а 
Stress 


(A) P has more tensile strength than Q. 
(B) P is more ductile than Q. 
(С) Р is more brittle than Q. 
(D) The Young's modulus of P is more than that of Q. 
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914. A spherical body of radius R consists of a fluid 
of constant density and is in equilibrium under its own 
gravity. If P(r) is the pressure at r(r < R), then the 
correct option(s) is (are) 

(A)P(r-0)-0 (В) 
(c) Bizans) (D) 
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915. An ideal monatomic gas is confined in a horizon- 
tal cylinder by a spring loaded piston (as shown in the 
figure). Initially the gas is at temperature T, pressure 
Pı and volume И and the spring is in its relaxed state. 
‘The gas is then heated very slowly to temperature To, 
pressure ро and volume Vo. During the process the pis- 
ton moves out by a distance л. Ignoring the friction 
between the piston and the cylinder, the correct state- 
ment(s) is (are) 


(A) If Va = 2V; and T; = $i, then the energy stored 
in the spring is }p Vi- 

(B) If Vp = 2V; and 7, = 3T), then the change in 
internal energy is ЗруИ. 

(C) If Va = 3V; and T = 47, then the work done by 
the gas is gM. 

(D) If Va = ЗИ and Ta = 47), then the heat supplied 
to the gas is m Vi. 
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916. A parallel plate capccitor having plates of area s 
and plate separation d, has capacitance Су in air, When 
two dielectrics of different relative permittivities (e1 =2 
and ej = 4) are introduced between the two plates as 
shown in the figure, the capacitance becomes Co. The 
ratio C2/Cy is 


(A) 6/5 (B) 5/3 (C) 7/5 (D) 7/3 
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Paragraph Туре 


‘This section contains 4 questions based on two 
paragraphs. Each question has four options (A), (В), 
(C) and (D). One or more than one of these four op- 
tion(s) is (are) correct. Marking scheme is: 

1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: (—2) In all other cases 
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Paragraph for Questions 17-18 


In a thin rectangular metallic strip a constant cur- 
rent Г flows along the positive z-direction, as shown in 
the figure. The length, width and thickness of the strip 
are l, w and d, respectively. A uniform magnetic field 
В is applied on the strip along the positive y-direction. 
Due to this, the charge carriers experience a net deffec- 
tion along the z-direction. This results in accumulation 
of charge carriers on the surface PQRS and appearance. 
of equal and opposite charges on the face opposite to 
PQRS. A potential difference along the z-direction is 
‘thus developed, Charge accumulation continues until 
‘the magnetie force is balanced by the electric force. The 
current is assumed to be uniformly distributed on the 
cross section of the strip and carried by electrons. 
(2015) 
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Q17. Consider two different metallic strips (1 and 2) of 
the same material. Their lengths are the same, widths 
are wy and w and thicknesses are d; and da, respec- 
tively, Two points K and M are symmetrically located 
оп the opposite faces parallel to the z-y plane (sce fig- 
ure). Vy and Vo are the potential differences between K 
and M in strips 1 and 2, respectively. Then, for a given 
current 7 flowing through them in a given magnetic field 
strength В, the correct statement(s) is (are) 
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Q18. Consider two different. metallic strips (1 and 2) 
of same dimensions (length 1, width w and thickness d) 
with carrier densities n; and np, respectively. Strip 
placed in magnetic field By and strip 2 is placed in mag- 
netic field By, both along positive y-directions. Then Vi 
and Va are the potential differences developed between 
K ond M in strips 1 and 2, respectively. Assuming that. 
the current Г is the same for both the strips, the correct. 
options(s) is (are) 

(A) If By = Bo and ny 
(В) If By = By and my = 2ng, then № 
(C) If By =2By and m — na, then Va 
(D) If = 2B» and m = по, then № 


Эла, then Vz 
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Paragraph for Questions 19-20 


Light guidance in an optical fiber can be under- 
stood by considering a structure comprising of thin solid 
glass cylinder of refractive index nı surrounded by a 
medium of lower refractive index ng. The light guid- 
ance in the structure takes place due to successive total 
ternal reflections at the interface of the media i and 
па as shown in the figure. All rays with the angle of 
dence i less than a particular value ig are confined 
in the medium of refractive index nı. The numerical 
aperture (NA) of the structure is defined as sin im- 
(2015) 
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Q 19. For two structures ramely S, with ny = v/15/4 
and ng = 3/2, and S with n; = 8/5 and ng = 7/5 and 
taking refractive index of water to be 4/3 and that of 
air to be 1, the correct option(s) is (are) 

(A) NA of Sy immersed in water is the same as that 
of S immersed in a liquid of refractive index 
16/3/15. 

(B) NA of Sı immersed ia liquid of refractive index 
6/15 is the same as that of Sz immersed in water, 

(C) NA of S, placed in air is the same as that of 5 
immersed in liquid of refractive index 4/15. 

(D) NA of S, placed in air is the same as that of Sa 
placed in water. 


IIT JEE 2015 (Advanced) Paper 2 214 


Q20. If two structures of same cross-sectional area, 
but different numerical apertures NA; and МАз (NA? < 
NA.) are joined longitudinally, the numerical aperture 
of the combined structure is 


(A) BENE (B) NA, + МА» (C) МА; (D) NA; 
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Answers 


11. AC 
12. D 

13. A,B 
14. B,C 
15. A, B,C 
16. D 

17. A, D 
18. А.С 
19. AC 
20. D 


IIT JEE 2014 


IIT JEE 2014 was a two stage examination (i) JEE 
Maius by CBSE and (ii) JEE Advanced by JAB. There 
were two papers in JEE Advanced namely, (Advanced) 
Paper 1 and (Advanced) Paper 2. Each of the pa- 
pers has three separate parts for physies, chemistry and 
mathematics. 


Go to IIT JEE 2018 | 2017 | 2016 | 2015 | 2014 | 
2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 
2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 
| 1998 | 1997 | 1996 | 1995 | 1994 | 1993 | 
| 1991 | 1990 | 1989 | 1988 | 1987 | 1986 | 
| 1984 | 1983 | 1982 | 1981 | 1980 | 1979 | 


(Advanced) Paper 1 


‘The physics part of the paper contains 20 questions, 
‘The questions are divided into two sections (1) integer 
type and (2) multiple correct answers type. 


217 
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Integer Type 


This section cont; 


is 10 questions. The answer to 
each question is a single digit integer ranging from 0 
to 9, both inclusive. For each question, marks will be 
awarded in one of the folloving categories: 
1. Full Marks: (+3) [fouly the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q1. A galvanometer gives full scale deflection with 
0.006 A current, By connecting it to a 4990 Q resis- 
tance, it ean be converted into a voltmeter of range 
0—30 V. If connected to a 2% © resistance, it becomes 
an ammeter of range 0 — 1.5 А. The value of n is 
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92. To find the distance d over which a signal can 
be seen clearly in foggy conditions, а railways engi- 
neer uses dimensional analysis and assumes that the 
distance depends on the mass density p of the fog, in- 
tensity (power/area) S of the light from the signal and 
its frequency f. The engineer finds that d is propor- 
tional to S!/^, The value of n is . 
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Q3. A horizontal circular platform of radius 0.5 m and 
mass 0.45 kg is free to rotate about its axis. Two 
massless spring toy-guns, each carrying a steel ball of 
mass 0.05 kg are attached to the platform at a distance 
0.25 m from the centre on its either sides along its di- 
ameter (sce figure). Each gun simultaneously fires the 
balls horizontally and perpendicular to the diameter 
opposite directions. After leaving the platform, the 
balls have horizontal speed of 9 m/s with respect to the 
ground. ‘The rotational speed of the platform in rad/s 
after the balls leave the platform is ....... 
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Q4. A thermodynamic system is taken from an initial 
state i with internal energy U; = 100 J to the final state 
J along two different paths iaf and ib, as schematically 
shown in the figure. The werk done by the system along 
the path af, ib and bf are War = 200 J, Wit, = 50 J and 
Мы = 100 respectively. The heat supplied to the 
system along the path iaf, ib and Uf are Фаг Qu, and. 
Qu respectively. If the internal energy of the system in 


the state b is Uy = 200 J and Qiar = 500 J, the ratio 
'Чы/Фь is .....- 
Pa I 
" i 


IIT JEE 2014 (Advanced) Paper 1 223 


95. А uniform circular disc of mass 2.5 kg and radius. 
0.5 m is initially at rest on a horizontal frictionless sur- 
face. Three forces of equal magnitude F = 0.5 N are 
applied simultaneously alorg the three sides of an equi- 
lateral triangle XYZ with its vertices on the perimeter 
of the disc (see figure). Ore second after applying the 
forces, the angular speed of the disc in rad/s is 


F 
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Q6. Airplanes A and B are flying with constant veloc- 
ity in the same vertical plane at angles 30° and 60° with 
respect to the horizontal respectively as shown in the 
figure. The speed of A is 100v3 m/s. At time t = 0s, 
an observer in A finds В at a distance of 500 m. This 
observer sees B moving with a constant velocity per- 
pendicular to the line of motion of A. If at t = to, А 
just escapes being hit by B, fo in seconds is . 
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Q7. A rocket is moving in a gravity free space with a 
constant acceleration of 2 m/s? along +r direction (see 
figure). The length of a chamber inside the rocket 
4m, A ball is thrown from the left end of the chamber 
in +z direction with a speed of 0.3 m/s relative to the 
rocket. At the same time, another ball is thrown in 
—r direction with a speed of 0.2 m/s from its right en 

relative to the rocket. The time in seconds when the 
two balls hit each othe 


mm 


ozan 


du 
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Q8. During Searle's experiment, zero of the Vernier 
scale lies between 3.20 x 107? m and 3.25 x 10-2 m of 
the main scale. The 20^ division of the Vernier scale 
exactly coincides with one of the main scale divisions, 
When an additional load of 2kg is applied to the 
wire, the zero of the Vernier scale still lies between 
3.20 x 10-2 m and 3.25 x 10-2 m of the main scale but 
now 45 division of Vernier scale coincides with one of 
the main scale divisions. The length of the thin metallic 
wire is 2 m and its cross-sectional area is 8 x 10-7 m? 
‘The least count of the Vernier scale is L0 x 107% m. 
‘The maximum percentage error in the Young's modu- 
Tus of the wire is 
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Q9. Two parallel wires in the plane of the paper are 
distance хо apart. A point charge is moving with speed 
о between the wires in the same plane at a distance zy 
from one of the wires, When the wires carry current of 
magnitude Г in the same direction, the radius of curva- 
ture of the path of the point charge is r1. In contrast, if 
the currents Г in the two wires have directions opposite 
to each other, the radius of curvature of the path is ra. 

If 22 =3, the value of is 
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Q10. Consider an ellipticilly shaped rail PQ in the 
vertical plane with OP = 3m and OQ = 4 m. А block 
of mass 1 kg is pulled along the rail from P to Q with 
a force of 18 N, which is alvays parallel to line PQ (sce 
figure). Assuming no frictional losses, the kinetic energy 
of the block when it reaches Q is (n x 10) Joules. The 
value of n is [Given g = 10 m/s?.] 
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One or More Option(s) Correct 


‘This section contains 10 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (are) correct, Marking 
scheme is: 
1. Full Marks: (43) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


2. Zero Marks: (0) If none of the bubbles is darkened 
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911. In the figure, a ladder of mass m is shown leaning, 
against a wall. It is in static equilibrium making an 
angle 0 with the horizontal floor. The coefficient of 
friction between the wall and the ladder is j and that 
between the floor and the ladder is рә. The normal 
reaction of the wall on the ladder is Ny and that of the 
floor is №. If the ladder is about to slip, then 


m 


C 


(A) ш — 0, jio #0 and Natan 
(B) ш #0, ji = 0 and Nj tan 
(C) in #0, pa 7 0 and № = трее 

(D) № — 0, p2 z 0 and Ni tan = 52 
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912. Two ideal batteries of emf V; and Vz and three 
resistances Rj, Ro and Rs are connected as shown in 
the figure. The current in resistance № would be zero 


if 
" E" 


(A) Vi = Vz and Ry = Ry = № 
(B) Vi = Vz and Ry = 2/5 = № 
(C) И =20 and 2h = 285 
(0) 2V: = Vz and 2R; = А 
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913. A transparent thin flm of uniform thickness and 
refractive index ny = 1.4 is coated on the convex spher- 


ical surface of radius R at one end of a long solid glass 
cylinder of refractive index ng = 1.5, as shown in the 
figure. Rays of light parallel to the axis of the cylinder. 
traversing through the film from air to glass get focused 
at distance fı from the film, while rays of light travers- 
ing from glass to air get focused at distance fo from the 
film. Then, 


(B) || - 288 
(D) |fal = 14R 
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914. Let Ел (к), Ex(r) and Es(r) be the respective 
electric fields at a distance r from a point charge Q, 
an infinitely long wire with constant linear charge den- 
sity А, and an infinite plane with uniform surface charge 
density о. If Ei(ro) = Ea(ro) = Es(ro) at a given dis- 
tance то, then 

(А) Q= лот (B) ro = 2, 
(C) ECR) - 2549). (D) Bal 


AES) 
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915. One end of a taut string of length 3 m along the 
2 axis is fixed at £ ‘The speed of the waves in 
the string is 100 m/s. The other end of the strin 
vibrating in the y direction so that stationary waves 
are set up in the string. The possible waveform(s) of 
these stationary waves is (are) 
(A) wt 
) ult 
(C) иг 
(D) uz. 
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916. Heater of an electric kettle is made of a wire of 
length L and diameter d. It takes 4 minutes to raise 
the temperature of 0.5 kg water by 40 К. This heater 
replaced by a new heater having two wires of the same 
material, each of length L and diameter 2d. ‘The way 
these wires are connected is given in options. How much 
time in minutes will it take to raise the temperature of 
the same amount of water by 40 К? 

(A) 4 if wires are in parallel 

IB) 2 if wires are in series 

(C) 1 if wires are in series 

(D) 0.5 if wires are in parallel 
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Q17. A light source, which emits two wavelengths 

№ = 400 nm and № = 600 nm, is used in Young's 

double slit experiment, If recorded fringe widths for Ay 

and Az are /fj and Зз and the number of fringes for them 

within a distance y on one side of the central maximum 

are mı and ma, respectively, then 

(A) Ba > B 

(В) т: > ma 

(C) From the central maximum, 3° maximum of Аз 
overlaps with 5" minimum of A 

(D) The angular separation of fringes of Ay is greater 
than Ay 
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918. At time t = 0, terminal A in the circuit shown 
in the figure is connected to B by a key and an al- 
ternating current i(t) = iocos(wt), with ip = ТА and 
w = 500 rad/s starts flowing in it with initial direction 
shown in the figure. At £ — 2%, the key is switched from 
B to D. Now onwards only A and D are connected. A 
total charge Q flows from the battery to charge the ca- 
pacitor fully. If C = 20 F, R = 109 and the battery 


ideal with emf of 50 V, identify the correct. state- 
ment (s). 
вр 
А 


|-50у 


(A) Magnitude of the maximum charge on the capaci- 
tor before t = 25 is 1 x 10-3 С. 

(B) The current in the left part of the circuit just before 
t= E is clockwise. 

(C) Immediately after A is connected to D, the current 
in Ris 10A. 

(D) Q7 2x 10-3 C. 
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919. A student is performing an experiment using 
a resonance column and a tuning fork of frequency 
24457}, He is told that the air in the tube has been 
replaced by another gas (essume that the column re- 
mains filled with the gas). If the minimum height at 
which resonance occurs is (0.350 + 0.005) m, the gas 
in the tube is [Given: Vi67RT 40 J'mo]-1/2, 
VMORT = 590 J'7mol-!/, The molar masses M 
grams are given in the options. Take the value of 
for each gas as given there] 

(A) Neon (м-20, B = 1) 


(B) Nitrogen (M —28, vz 2) 
(C) Oxygen (M=32, у = 5) 
(D) Argon (м=36, y $8 = 8) 
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920. A parallel plate capacitor has a dielectric slab 
of dielectric constant K between its plates that covers 
1/3 of the area of its plates, as shown in the figure. 
The total capacitance of the capacitor is C while that 
of the portion with dielectric in between is Су. When 
the capacitor is charged, the plate area covered by the 
dielectric gets charge Фу and the rest of the area gets 
charge Оз. The electric field in the dielectric is Ey and 
that in the other portion is Ej. Choose the correct. 
option /options, ignoring edge effects. 
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Answers 


LS 1L 6D 
2.3 12. A, B, D 
3.4 13. А, 

4.2 14. С 

5.2 15. А, C, D 
6.5 16. B,D 
Ln 17. А, В, С 
в.а 18. C, D 
9.3 19. D 


10.5 20. A, D 


(Advanced) Paper 2 


‘The physics part of the paper contains 20 questions, 
‘The questions are divided into three sections (1) single 
answer correct type (2) paragraph type and (3) matrix- 
matching type. 


эп 
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One Option Correct. 


‘This section contains 10 questions. Each question 
has four options (A), (B), (С) and (D). Only one of 
these four options is correc’, Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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91. A tennis ball is dropped on a horizontal smooth 
surface. It bounces back to its original position after 
hitting the surface. The forve on the ball during the col- 
lision is proportional to the the length of compression of 
the ball. Which one of the following sketches describes 
the variation of its kinetic energy K with time £ most. 
appropriately? The figures are only illustrative and not 
to the scale. 

(A) K (в) 


LA, 


(С) 


Lay, 
(D) к 
LAN, 


t 
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92. If Agu is the wavelength of Ka X-ray line of copper 
(atomic number 29) and Ayo is the wavelength of the 
Ka X-ray line of molybdenum (atomic number 42), the 
the ratio Acu/Am is close to 

(A) 1.99 (B) 2.14 (C) 0.50 (D) 048 
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Q3. A metal surface is illuminated by light of two 
different. wavelengths 248 rm and 310 nm. The max- 
imum speeds of the photoelectrons corresponding to 
these wavelengths are uj end из, respectively. If the 
ratio u : ua = 2: 1 and he = 1240 eV um, the work 
function of the metal is nearly 

(A) 3.7 eV (В) 32eV (C) 28eV (D) 25eV 
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Q4. A planet of radius R = 3; x (radius of Earth) has 
the same mass density as Earth, Scientists dig well of 
depth Ë on it and lower a wire of the same length and 
of linear mass density 10 kg/m into it. If the wire 
is not touching anywhere, she force applied at the top 
of the wire by a person holding it in place is [take the 
radius of Earth = 6 x 105 m and the acceleration due 
to gravity on Earth = 10 m/s?.] 

(A) 96N (В) 108N (C) 1207 (D) 150N 
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95. Charges q, 2q and 4g are uniformly distributed in 
three dielectric solid spheres 1, 2 and 3 of radii r/2, r 
and 2r respectively, as shown in the figure. If magnitude 
of the electric fields at point P at a distance r from 
the centre of spheres 1, 2 and 3 are Ey, Ex and Eg 
respectively, then 


Eo 


(A) а> Ej Es. (B) >> Ea 
(C) E» EE, (D) £i» E> E 
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Q6. Parallel rays of light of intensity / = 912 Wm-? 
are incident on a spherical Маск body kept in surround- 
ings of temperature 300K. Take Stefan-Boltzmann 
constant о = 5.7 x 10-5 Wm-2K-* and assume that 
the energy exchange with the surroundings is only 
through radiation. The final steady state temperature 
of the black body is close to 

(A) 330 K (B) 660K (C) 990 (0) 1550 K 
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Q7. A point source 5 is placed at the bottom of a 
transparent block of height 10 mm and refractive index 
2.72, It is immersed in a lover refractive index liquid as 
shown in the figure. It is found that the light emerging 
from the block to the liquid forms a circular bright spot 
of diameter 11.54 mm on the top of the block. The 
refractive index of the liquid i 


Liquid 


| 
| 
ee 
Sel 
Block 


(A) 1.21 (В) 1-30 (C) 1.36 (D) 142 
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98. А glass capillary tube is of the shape of a trun- 
cated cone with an apex angle o so that its two ends 
have cross sections of different radii, When dipped in 
water vertically, water rises in it to a height А, where 
the radius of its cross-section is b. If the surface tension 
of water is 5, its density is p, and its contact angle with 
lass is 0, the value of h will be (where g is acceleration 
due to gravity) 


(А) 2cos(@—a) — (В) 25 со? +a) 


(©) B ҷо a/2) (D) & c0s(0 + a/2) 
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Q9. A wire, which passes through the hole in a small. 
bead, is bent in the form cf a quarter of a circle, The 
wire is fixed vertically on ground as shown in the figure, 
‘The bead is released from near the top of the wire and 
it slides along the wire without friction. As the bead 
moves from A to B, the force it applies on the wire is 


(A) always radially outwards. 

(B) always radially inwards. 

(C) radially outwards initially and radially inwards 
late 


(D) radially inwards initially and radially outwards 
later. 
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910. During an experiment with a metre bridge, the 
galvanometer shows а null point when the jockey 

pressed at 40.0 сти using a standard resistance of 90.0, 
as shown in the figure. The least count of the scale used 
in the metre bridge is 1mm. The unknown resistance 


[3 


(А) 6020150 (В) 135450560 
(С) 60+0.250 (D) 1354-0230 
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Paragraph Туре 


‘This section contains 6 questions based on three 
paragraphs, Each question has four options (A), (B), 
(С) and (D). Only one of these four options is correct. 
Marking scheme is: 
1. Full Marks: (+3) Ношу the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 11-12 


In the figure a container is shown to have a mov- 
able (without friction) piston on top. The container 
and the piston are all made of perfectly insulating ma- 
terial allowing no heat transfer between outside and in- 
side the container. The container is divided into two 
compartments by a rigid partition made of a thermally 
conducting material that allows slow transfer of heat 

‘The lower compartment of the container is filled with 
2 moles of an ideal monatomic gas at 700K and the 
upper compartment is filled with 2 moles of an ideal di- 
atomic gas at 400 К. The heat capacities рег mole of 
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Q11. Consider the partition to be rigidly fixed so that. 
it does not move. When equilibrium is achieved, the 
final temperature of the gases will be 

(A) 550K (B) 525 К (C) 513K (D) 490 K 
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Q12. Now consider the partition to be free to move 
without friction so that the pressure of gases in both 
compartments is the same. Then total work done by 
the gases till the time they achieve equilibrium will be 
(A) 250R (B) 200 (С) 100R (D) —100R 
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Paragraph for Questions 13-14 


A spray gun is shown in the figure where a piston 
pushes air out of a nozzle. A thin tube of uniform cross 
section is connected to the nozzle. The other end of the 
tube is in a small liquid container. As the piston pushes 
air through the nozzle, the liquid from the container 
ises into the nozzle and is sprayed out. For the spray 
gun shown, the radii of the piston and the nozzle are 
20 mm and Imm respectively. The upper end of the 
container is open to the atmosphere. (2014) 


ра 
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913. If the piston is pushed at a speed of 5 mm/s, the 
air comes out of the nozzle with a speed of 
(A) 0.1 m/s (B) 1 m/s (C) 2 m/s (D) 8 m/s 
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QA. If the density of air is ро and that of the liquid 
is pr, then for a given piston speed the rate (volume 
per unit time) at which the liquid is sprayed will be 
proportional to 


(А) = (В) улат © Е Фа 
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Paragraph for Questions 15 


16 


‘The figure shows a cireular loop of radius a with 
two long parallel wires (numbered 1 and 2) all in the 
plane of the paper. The distance of each wire from 
centre of the loop is d. The loop and the wires are 
carrying the same current /. The current in the loop is 
in counterclockwise direction if seen from above. 

(2014) 


Wired 
Wire 2 
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915. When d = a but wires are not touching the loop, 

it is found that the net magnetic field on the axis of the 

loop is zero at a height ћ above the loop. In that case, 

(A) current in wire 1 and wire 2 is the direction PQ 
and RS, respectively and h = a. 

(B) current in wire 1 and wire 2 is the direction PQ 
and SR, respectively nad A = 

(C) current in wire 1 and wire 2 is the direction PQ 
and SR, respectively aad h = 1.2. 

(D) current in wire 1 and wire 2 is the direction PQ 
and RS, respectively and h = 1:24. 
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Q16. Consider d > a, and the loop is rotated about its 
diameter parallel to the wires by 30° from the position 
shown in the figure. If the currents in the wires are in 
the opposite directions, the torque on the loop at its 
new position will be (assume that the net field due to 
the wires is constant over the loop) 


(A) fes (p) mpat (cy BaPa (p) viuere? 
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Matrix or Matching Type 


This section contains 4 matching type questions, 
each having two matching columns. Choices for the 
correct combination of elements from column I and col- 
umn II are given as option (А), (B), (C) and (D) out of 
which one is correct. Marking scheme 
1. Full Marks: (+3) Ifonly the bubble corresponding 
to the correct answer is darkened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: (—1) In all other cases 
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QT. Four charges q1, q2, ts and да of same magnitude 
are fixed along the г axis at £ = —2a, —a, +a, and +2a, 
respectively. A positive charge q is placed on the posi- 
tive y axis at a distance b > 0, Four options of the sign 
of these charges are given in Column J. The direction of 
the forces on the charge q is given in Column II. Match 
Column I with Column П. 


[o 


ое mou 
(ева) Саю) (að) (20,0) 


Column I Column II 
(P) qi, 42, 9з, Ча all positive (1) + 
(Q) qn, ae positives да, qe nega (2) =r 
tive 
(R) ax, qa positive; qa, qa nega- (8) +y 
tive 


(8) т, qs positive; д2, 4 nega- (4) —y 
tive 
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Q18. Four combination of two thin lenses are given in 
Column І. The radius of curvature of all curved surfaces 
is r and refractive index of all the lenses is 1.5, Match 
Jens combination in Column Г with their focal length in 


Column И. 


Column 1 Column П 
(P) () (1) 2r 
V 
(Q) I (2) 1/2 
(R) 0 (3) =r 
(8) ar 


< 
= 
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919. A block of mass m; = 1 kg and another block 
of mass ma = 2 kg are placed together on an inclined 
plane with angle of inclination Ø (sce figure). Various 
values of Ø are given in Column I. The coefficient of 
friction between the block m, and the plane is always 
zero. The coefficient of static and dynamic friction be- 
tween the block mg and the plane are equal to и = 03. 
In Column II expressions for the friction on block mz 
are given, Match the correct expression of the friction. 
in Column I with the angles given in Column I. The 
acceleration due to gravity is denoted by g. [Given, 
tan(5.5°) = 01, tan(11.5°) = 0.2, tan(16.5°) = 0.3). 


Column T Column П 
(P) 0 (1) magsing 
[9L (2) (mi + ma)gsind 


(ве (3) umag cos 
(8) @=20° (4) n(m + тоосонд 
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920. A person in a lift is holding a water jar, which 
has a small hole at the lower end of its side, When the 
lift is at rest, the water jet coming out of the hole hits 
the floor of the lift at а distance d of 1.2 m from the 
person. In the following, state of the lift's motion is 
given in Column I and the distance where the water jet 
hits the floor of the lift is given in Column L. Match the 
statements from Column I with those in Column 1I. 


Column T Column П 


(P) Lift is accelerating vertically (1) d.— 12m 
wp. 
(9) Lift is accelerating vertically (2) 4> 12m 
down with an acceleration less 
than the gravitational acceler- 
ation. 
(R) Lift is moving vertically up (3) d < 1.2m 
with constant speed. 
(S) Lift is falling freely. (4) No water 
leaks ont 
of the jar, 
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Answers 


Qui, Re4 


QH, Вз, 


voasawv> ww 


Qo2, вез, 


Quel, Rol, 


ПТ ЛЕ 2013 


IIT JEE 2013 was a two stage examination (i) JEE 
Maius by CBSE and (ii) JEE Advanced by JAB. There 
were two papers in JEE Acvanced namely, (Advanced) 
Paper 1 and (Advanced) Paper 2. Each of the pa- 
pers has three separate parts for physics, chemistry and 
mathematics. 


Go to IIT JEE 2018 | 2017 | 2016 | 2015 | 2014 | 
2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 
2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 
| 1998 | 1997 | 1996 | 1995 | 1994 | 1993 | 
| 1991 | 1990 | 1989 | 1988 | 1987 | 1986 | 
| 1984 | 1983 | 1982 | 1981 | 1980 | 1979 | 


(Advanced) Paper 1 


‘The physics part of the paper contains 20 questions, 
‘The questions are divided into three sections (1) single 
answer correct type (2) integer type and (3) multiple 
correct answers type. 


270 
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One Option Correct 


‘This section contains 10 questions. Each question 
has four options (A), (B), (C) and (D). Only one of 
these four options is correct. Marking scheme is: 
1. Full Marks: (+2) If only the bubble corresponding, 
to the correct answer is darkened 


2. Zero Marks: (0) If none of the bubbles is darkened 
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Q1. Two rectangular blocks, having identical dimen- 
sions, can be arranged either in configuration I or in 
configuration IT as shown in the figure. One of the 
blocks has thermal conductivity к and the other 2. 
‘The temperature difference between the ends along the 
z-axis is the same in both the configurations. It takes 
9s to transport a certain amount of heat from the hot 
end to the cold end in the configuration I. The time 
to transport the same amount of heat in the configura- 
tion IL is 


Configuration П 
Configuration { 


(A) 205 (B) 305 (C) 44 
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92. Two non-reactive monatomic ideal gases have 
their atomic masses in the ratio 2 : 3. The ratio of 
their partial pressures, when enclosed in a vessel kept 
at a constant temperature is 4 : 3. The ratio of their 
densities is 

(A) 1:4 (B) 1 


(©) 6:9 (D) 8:9 
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93. A particle of mass m is projected from the ground 
with an initial speed up at an angle о with the horizon- 
tal, At the highest point of its trajectory, it makes 
а completely inelastic collision with another identical 
particle, which was thrown vertically upward from the 
ground with the same initial speed up. The angle that 
the composite system makes with the horizontal imme- 
diately after the collision is 

(A) $ (B) £40 (C) $ 


а (D) $ 
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Q4. A pulse of light of curation 100 ns is absorbed 
completely by a small objet initially at 
the pulse is 30 mW and the speed of ight 
‘The final momentum of the object is 

(A) 0.3 x 1077 kg m/s (В) L0 x 10-17 kg m/s 
(C) 30 х 10717 ke m/s (р) 9.0 х 10777 kg m/s 
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95. In the Young's double slit experiment using a 
‘monochromatic light of wavelength A, the path differ- 
ence (in terms of an integer n) corresponding to any 
point having half the peak intensity is 

(A) IDE (B) (таа 

(C) Qn 0$ (0) +0 


16 
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Q6. The image of an object, formed by a plano-convex 
lens at a distance of 8 m behind the lens, is real an 
one-third the size of the object. The wavelength of light 
inside the lens is 2/3 times the wavelength in free space, 
‘The radius of the curved surface of the lens is 

(A) 1m (B) 2m (©) 3m (D) 6m 
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QT. One end of a horizontal thick copper wire of length 
2L and radius 2R is welded to an end of another hori- 
zontal thin copper wire of length L and radius R. When 
the arrangement is stretched by applying forces at two 
ends, the ratio of the elongation in the thin wire to that 
in the thick wire is 

(A) 0.25 (B) 0.5 (C) 2 (D) 4 
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98. A ray of light travelling in the direction 
3 (i+ v33) is incident on a plane mirror, After re- 
flection, it travels along 2 (i — УЗ). The angle of inci- 


dence is 
(A) 30° (B) 45° (C) 60° (D) 75° 
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Q9. The diameter of a cylinder is measured using a 
Vernier calipers with no zero error. Tt is found that 
the zero of the Vernier scale lies between 5.10 cm and 
5.15 сш of the main scale. The Vernier scale has 50 
divisions equivalent to 245 сш. The 24** division of 
the Vernier scale exactly coincides with one of the main 
scale divisions. The diameter of the cylinder is 

(A) 5.1120m (В) 5.124 em 

(©) 5136еш (0) 5.148 om 
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910. The work done on a particle of mass m by a 
force, 


бек ui 
(a +" 


(K being a constant of appropriate dimensions), when 
the part taken from the point (a,0) to the point 
(0,4) along a circular path of radius a about the origin 
in the z-y plane is 

(A) 28 (в) = (C) $3 (D) 0 


aa 
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One or More Option(s) Correct 


‘This section contains 5 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four opticns is (are) correct. Marking 
scheme is: 

1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the ccrrect option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: —1 In all other cases 
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Q1. In the circuit shown in figure, there are two par- 
allel plate capacitors each of capacitance C. The switch 
Sı is pressed first to fully charge the capacitor C, and 
then released. The switch 5z is then pressed to charge 
the capacitor Со. After some time, S is released and 
then Ss is pressed. After some time, 


S 0» & 


254 а 46 $% 


(A) the charge on the upper plate of Cy is 2CVa 
(B) the charge on the upper plate of Cy is С 
(C) the charge on the upper plate of С is 0 

(D) the charge on the upper plate of C is “СМ 
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Q12. Two non-conducting solid spheres of radii R and 
ЭП, having uniform volume charge densities py and рз 
respectively, touch each other. The net electrie field at 
a distance 2R from the centre of the smaller sphere, 
along the line joining the centres of the sphere, is zero. 
‘The ratio pi/pa can be 

(A) —4 (B) —32/25 (C) 32/25 (D) 4 
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913. A solid sphere of radius R and density p is at- 
tached to one end of a massless spring of force constant 
k. The other end of the spring is connected to another 
solid sphere of radius А and density Зр. The complete 
arrangement is placed in a liquid of density 2p and is 
allowed to reach equilibrium. The correct statement(s) 
is (are) 

(A) the net elongation of the spring is 4722, 

(B) the net elongation of the spring is 8700, 

(C) the light sphere is partially submerged. 

(D) the light sphere is completely submerged. 
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914. A horizontal stretched string, fixed at two ends, 
is vibrating in its fifth harmonic according to the equa- 
tion, 


(at) = (0.01 m) sin [(62.8 m7)a] cos [(628 5-й 


Assuming z = 3.14, the correct statement(s) is (are) 

(A) The number of nodes is 5. 

(B) The length of the string is 0.25 m. 

(C) The maximum displacement of the midpoint of the 
string, from its equilibcium position is 0.01 m. 

(D) "The fandamental frequency is 100 Hz. 
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915. A particle of mass m and positive charge q, mov- 
ing with а constant velocity @ = 4i m/s, enters a region 
of uniform static magnetic field normal to the 2-у plane, 
‘The region of the magnetic field extends from г = 0 to 
2 = L for all values of y. After passing through this 
region, the particle emerges on the other side after 10 
milliseconds with a velocity fz = 2 (v3i+j) m/s. The 
(are) 
(A) The direction of the magnetic field is —: direct 
(В) The direction of the magnetic field is +z direction. 
(C) The magnitude of the magnetic field is 50229. units. 
(D) The magnitude of the magnetic field is 380: 
units. 
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Integer Type 


‘This section contains 5 questions. The answer to 
each question is a single digit integer ranging from 0 
to 9, both inclusive. For each question, marks will be 
awarded in one of the following categories: 
1. Full Marks: (+4) Ношу the bubble corresponding 

to the correct answer is darkened 
2. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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916. A bob of mass m, suspended by a string of length. 
1, is given a minimum velccity required to complete а 
full circle in the vertical plane. At the highest point, 
it collides elastically with another bob of mass m sus- 
pended by a string of length /2, which is initially at rest. 
Both the strings аге massless and inextensible. If the 
second bob, after collision acquires the minimum speed 
required to complete а full circle in the vertical plane, 
the ratio l /la is 
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Q17. A particle of mass 0.2 kg is moving in one di- 
mension under a force that delivers a constant. power 
0.5 W to the particle. If the initial speed of the particle 
is zero, the speed (in m/s) after 5s is ...... 


IIT JEE 2013 (Advanced) Paper 1 291 


Q18. The work functions of silver and sodium are 
4.6 eV and 2.3 eV, respectively. The ratio of the slope 
of the stopping potential versus frequency plot for silver 
to that of sodium is ...... 
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Q19. A freshly prepared sample of a radioisotope of 
half-life 1386 s has activity 10° disintegrations per sec- 
ond. Given that In2 = 0,683, the fraction of the initial 
number of nuclei (expressed in nearest integer percent- 
age) that will decay in the first 805 after preparation 
of the sample is... 
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Q20. A uniform circular disc of mass 50 kg and radius 
0.4 m is rotating with an angular velocity of 10 rad/s 
about its own axis, which is vertical. Two uniform cit- 
cular rings, each of mass 6.25 kg and radius 0.2 m, are 
gently placed symmetrically on the disc in such a man- 
ner that they are touching each other along the axis of 
the dise and are horizontal. Assume that the friction 
large enough such that the rings are at rest relative 
to the dise and the system rotates about the original 
axis. The new angular velocity (in rad/s) of the system 
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Answers 


LA 11. B,D 
2. D 12. B, D 
В.А 13. ALD 
4B 14. B.C 
5. B 15. AC 
6.C 16.5 
nO 17.5 
8. A 18. 1 
9. B 19.4 


10. D 20. 8 


(Advanced) Paper 2 


‘The physics part of the paper contains 20 questions, 
The questions are divided into three sections (1) multi- 
ple correct answers type (2) paragraph type and (3) ma- 
trix matching type. 


295 
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One or More Option(s) Correct 


This section contains 3 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is(are) correct. Marking 
scheme is: 

1. Full Marks: (43) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: —1 In all other cases 
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91. The figure shows variation of specific heat capac- 
ity (C) of a solid as a function of temperature (T). The 
‘temperature is increased continuously from 0 to 500 K 
at a constant rate, Ignoring any volume change, which 
of the following statement(s) is (are) correct to a rea- 
sonable approximation. 


TK) 


100 200 XO 400 500 


(A) the rate at which heat is absorbed in the range 
0.— 100 K varies linearly with temperature T. 

(B) heat absorbed in increasing the temperature from 
0—100 K is less than the heat required for increas- 
ing the temperature from 400 — 500 К. 

(C) there is no change in the rate of heat absorption in 
the range 400 — 500 K. 

(D) the rate of heat absorption increases in the range 
200 — 300 К. 
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Q2. The radius of the orbit of am electron in a 
Hydrogen-like atom is 4.500, where ap is the Bohr ra- 
dius. Its orbital angular momentum is №, It is given 
that his Planck constant and R is Rydberg constant. 

sible wavelength(s), when the atom de-excites, 


(A) зп (В) пп (C) se (D) зя 
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Q3. Using the expression 2dsin@ = А, one calculates 
the value of d by measuring the corresponding angles 
0 in the range 0 to 90°. The wavelength A is exactly 
known and the error in 0 is constant for all values of 6. 
As 0 increases from 0°, 

(A) the absolute error in d remains constant. 

(B) the absolute error in d increases, 
‘remains constant. 
(D) the fractional error in d decreases. 
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94. Two non-conducting spheres of radii Ry and Ry 
and carrying uniform volume charge densities +p and 
—p, respectively, are placed such that they partially 
overlap, as shown in the figure, At all points in the 
overlapping region, 


(A) the electrostatic field is zero. 

(B) the electrostatic potential is constant. 

(С) the electrostatic field is constant in magnitude. 
(D) the electrostatic field has same direction. 
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95. A steady current I flows along an infinitely long, 
hollow cylindrical conductor of radius R. The cylin- 
der is placed coaxially inside an infinite solenoid of ra- 
dius 2R. The solenoid has n turns per unit length and 
carries a steady current J. Consider a point P at a 
distance r from the common axis, The correct. state- 
ment(s) is (are) 

(A) In the region 0 < r < R, the magnetic field is non- 
zero. 

(B) In the region R < r < 2R, the magnetic field is 
along the common axis. 

(C) In the region R < r < 2R, the magnetic field is 
tangential to the circle of radius r centered on the 
axis. 

(D) In the region r > 2R. the magnetic field is non- 
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Q6. Two vehicles, each moving with speed u on the 

same horizontal straight road, are approaching each 

other. Wind blows along the road with velocity w. One 

of these vehicles blows a whistle of frequency fi. An 

observer in the other vehicle hears the frequency of the. 

whistle to be fa. The speed of sound in still air is v. 

‘The correct statement(s) is (are) 

(A) If the wind blows from the observer to the source, 
faf 

(B) If the wind blows from the source to the observer, 
PS 

(C) If the wind blows from the observer to the source, 
hh. 

(D) If the wind blows from the source to the observer, 
doch. 
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Q7. Two bodies, each of mass M, are kept fixed with 

a separation 2L. А particle of mass m is projected from 

‘the midpoint of the line joining their centres, perpendic- 

ular to the line, The gravitational constant is С. The 

correct statement(s) is (are) 

(A) The minimal initial velocity of the mass m to es- 
саре the gravitational field of the two bodies 


(B) The minimal initial velocity of the mass m to 
cape the gravitational field of the two bodies 
aJ Sk. 

CA 

(C) The minimal initial velocity of the mass m to es- 

cape the gravitational field of the two bodies is 
M. 


(D) The energy of the mass m remains constant. 
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Q8. A particle of mass m is attached to one end of 
а massless spring of force constant k, lying on a fric- 
tionless horizontal plane. The other end of the spring 
is fixed. The particle starts moving horizontally from 
its equilibrium position at í = 0 with an initial velocity 
‘ug. When the speed of the particle is 0.5, it collides 
elastically with a rigid wall. After this colli 
(A) the speed of the particle whet 
it i 


equilibrium position for the first time is t 

(C) the time at which the maximum compression of the 
spring occurs is t = 5r. 

(D) the time at which the particle passes through the 
equilibrium position for the second time is t = 
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Matrix or Matching Type 


‘This section contains 4 matching type questions, 
each having two matching columns. Choices for the 
correct combination of elements from column I and col- 
umn П are given as option (A), (B), (C) and (D) out of 
which one is correct, Marking scheme 
1. Full Marks: (+3) Ifonly the bubble corresponding 
to the correct answer is darkened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: (—1) In all other cases 


IIT JEE 2013 (Advanced) Paper 2 306 


Q9. One mole of a monatomic ideal gas is taken along 
two eyclic processes E = F + G+ E and E + F + 
H > E as shown in the p-V diagram. The processes in- 
volved are purely isochoric, isobaric, isothermal or adi 
abatic. Match the paths in Column I with the magni- 
tudes of the work done in Column II. 


y 
зн Б 
N 
VS 
м“ = e 
Vo amo V 
Column 1 Column II 
(P) GE (1) 160poVoln2 
(Q6 n (2) 3p 
(В) Е» Н (3) 24poVo. 
(8 F> G (4) 31poVo 
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910. Match Column I of the nuclear processes with 
Column IT containing parent. nucleus and one of the 
end products of each process, 


Column Г Column П 
(P) Alpha decay (1) $0 > N+ 

(9) В+ decay (2) 28U + Th +. 
(R) Fission (3) ВЕРЬ + 


(S) Proton Emission — (4) Ри + ЗМ + 
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Q11. A right angled prism of refractive index jn is 
placed in а rectangular block of refractive index jiz, 
which is surrounded by a medium of refractive index 
из, as shown in the figure. A ray of light ‘e’ enters the 
rectangular block at normal incidence, Depending upon 
the relationships between pi, ро and js, it takes one of 
the four possible paths ‘ef’, ‘ex’, ‘eh’, or ‘ei. 

Match the paths in Column 7 with conditions of 
refractive indices in Columa II. 


t 
• = 
ъ 
m 
i 
m| m 
Column I Column II 
(ef 0) m> Уа 
(a) ea (2) ja > p and pa > ps 
() e>h (8) m — ia 
G ei (4) ла < ш < V2 m 


and ja > pa 
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Q12. Match the physical 
their dimensions in List II. 


tities given in List I to 


Column T Column II 


(P) Boltzmann constant — (1) |ML2T-1] 
(Q) Coefficient of viscosity (2) [ML-YT-1] 

(R) Planck constant (3) [MUT] 
(S) Thermal conductivity (4) [МЕРТ-2К: 
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Paragraph Type 


‘This section contains 8 question based on four 
paragraphs. Each question has four options (A), (B), 
(C) and (D). Only one of these four options is correct 
Marking scheme is: 
1. Full Marks: (+3) Ношу the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 13-14 


А small block of mass 1 kg is released from rest at 
the top of a rough track, The track is a circular are of 
radius 40 m. The block slides along the track without 
toppling and frictional force acts on it in the direction 
opposite to the instantaneous velocity. The work done 
in overcoming the friction up to the point Q, as shown 
in the figure, is 150 J. [Take g = 10 m/s? ] (2018) 
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Q13. The speed of the block when it reaches the point 
Qis 
(A) 5m/s (В) 10 m/s (C) 10/3 m/s (D) 20 m/s 
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Q14. The magnitude of the normal reaction that acts 
on the block at the point Q is 
(A) 75N (B) &6N (C) 11.5N (D) 22.5 N 
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Paragraph for Questions 15-16 


А thermal power plant produces electric power of 
600 KW at 4000 V, which is to be transported to a place 
20 km away from the power plant for consumers’ usage. 
It can be transported either directly with a cable of large 
current carrying capacity or by using a combination of 
step-up and step-down transformers at the two ends 
‘The drawback of the direct transmission is the large 
energy dissipation. In the method using transformers, 
the dissipation is much smaller. In this method, a step- 
up transformer is used at the plant side so that the 
current is reduced to a smaller value, At the consumers" 
end, a step-down transformer is used to supply power 
to the consumers at the specified lower voltage. It 
reasonable to assume that the power cable is purely 
resistive and the transformers are ideal with a power 
factor unity, All the currents and voltages mentioned 
are rms values, (2013), 
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915. If the direct transmission method with a cable of 
‘stance 0.4 Q//km is used, the power dissipation (in 
90) during transmission is 

(A) 20 (B) 30 (С) 40 (0) 50 
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Q16. In the method using the transformers, assume 
that the ratio of the number of turns in the primary 
to that in the secondary in the step-up transformer 
1: 10. If the power to the consumers has to be supplied 
‘at 200 V, the ratio of the number of turns in the primary 
to that in the secondary in the step-down transformer 


(A) 200:1 (В) 150: 1 (C) 100:1 (D) 50:1 
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Paragraph for Questions 17-18 


А point charge Q is moving in a circular orbit of 
radius R in the z-y plane with an angular velocity w. 
‘This can be considered as equivalent to a loop carrying 
a steady current 9°. А uniform magnetic field along 
the positive z-axis is now switched on, which increases 
at a constant rate from 0 to B in one second. Assume 
that the radius of the orbit remains constant. The ap- 
ion of the magnetic field induces an emf in the 
orbit. The induced emf is defined as the work done by 
an induced electric field in moving a unit positive charge 
around a closed loop. It is known that, for an orbiting 
charge, the magnetic dipole moment is proportional to 
the angular momentum with a proportionality constant 
4 (2013) 
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Q17. The magnitude of the induced electric field in 
the orbit at any instant of time during the time interval 


of the magnetic field change is 
(A) BR/A (B) BR/2 (C) BR (D) 2BR 
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Q8. The change in the magnetic dipole moment as- 
sociated with the orbit, at the end of the time interval 
of the magnetic field change is 
(A)-,BQR? (B) -729 
(C) 7882 (р) овом 
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Paragraph for Questions 19-20 


‘The mass of a nucleus 2X is less than the sum of 
‘the masses of (A—Z) number of neutrons and Z number 
of protons in the nucleus. The energy equivalent to the 
corresponding mass difference is known as the binding 
energy of the nucleus. А heavy nucleus of mass M can 
break into two light. nuclei of masses my and mz only 
if (mı + таз) < M. Also two light nuclei of masses mg 
and m4 can undergo complete fusion and form a heavy 
nucleus of mass M' only if (mg-+ma) > M'. The masses 
of some neutral atoms are given in table below: (2013) 


10078250, FH: 2014102 u 
3.016050 u , iHe: 4.002603 u 
6.015123 u, §Li: 7.016004 u 


69.9253250, Че : 81.916709 u 
18264 :151.919803 п, 288Pb :205.974455 u 
209131: 208.980388 п, 20Ро : 209.982876 u 


[Given 1u 
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Q19. The correct statement is 

(A) The nucleus Li can emit an alpha particle. 

(В) The nucleus “49Po can emit a proton. 

(С) Deuteron and alpha particle can undergo complete 
fusion. 

(D) The nuclei 2021 and {Se can undergo complete 
fusion. 
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920. The kinetic energy (in keV) of the alpha particle, 
when the nucleus #49Po at rest undergoes alpha decay, 
is 

(A) 5319 (B) 5422 (C) 5707 (D) 5818 
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Answers 


1. B,C,D 11. po, q3, r4, s1 
2 АС 12. Рем, Qh, Rel, 
зр 55 
жср 13. B 
5. AD Pt 
EE 15. B 
EAD ws 
9. Pod, Qui, Roa 17. B 
Sel 18. B 
10. P2, Qu, Red, 19. C 


5-3 20. А 


ПТ ЛЕ 2012 


ШТ JEE 2012 was a single stage examination of two 
papers, Paper 1 and Paper 2, each of three hours du- 
ration. Each of the papers has three separate sections 
of physics, chemistry and mathematics. АП questions 
were of objective type, designed to test comprehension, 
reasoning and analytical ability of the candidate. 
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Рарег 1 


‘The physics part of the paper contains 20 questions 
‘The questions are divided into three sections (1) single 
correct answer type (2) multiple correct answers type 
and (3) integer type. 
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One Option Correct 


‘This section contains 10 questions. Each question 
has four options (A), (В), (С) and (D). Only one of 
these four options is correct, Marking scheme is: 
1. Full Marks: (+2) Ifonly the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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Q1. Three very large plates of same area are kept par- 
allel and close to each other, They are considered as 
ideal black surfaces and have very large thermal con- 
ductivity, The first and third plates are maintained at 
temperatures 2T and 3T, respectively. The tempera- 
ture of the middle (i.e, secoad) plate under steady state 
condition i т 

(А) (Ф) т qm (4) 

(о) (yr a (on) Mp 
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92. Consider а thin spherical shell of radius R with 
its centre at origin, carrying uniform positive surface 
charge density, The variation of the magnitude of the 
electric field |E(r)| and the electric potential V(r) with 
distance r from the centre. is best represented by the 
graph? 

(А) 14 € 


[ 


= 
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93. ш the determination of Young's modulus 
(v за) by using Searle's method, a wire of length. 
L = 2 m and diameter d = 0/5 mm is used. For a load 
М = 25 kg, an extension | = 0.25 mm in the length 
of wire is observed. Quamities d and / are measured 
using screw gauge and micrometer, respectively. They 
have same pitch of 0.5 mm, The number of divisions 
on their circular scale is 100, The contributions to the 
‘maximum probable error of the У measurement, 
(A) due to the error in the measurements of d and {are 
the same, 
(В) due to the error in the measurement of d is twice 
that due to the error in the measurement of L. 
(C) due to the error in the measurement of L is twice 
that due to the error in the measurement of d. 
(D) due to the error in tbe measurement of d is four 
times that due to the error in measurement of l 
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94. A small block is connected to one end of a massless 
spring of unstretched length 4.9 m. The other end of the 
spring (see figure) is fixed. The system lies on horizontal 
frictionless surface. The block is stretched by 0.2 m and 
released from rest at t = 0. It then executes SHM with 
angular frequency w = 7/3 rad/s. Simultaneously, at 
t = 0, a small pebble is projected with speed v from 
point P at an angle of 45° cs shown in the figure. Point 
P is at a distance of 10 m from O. If the pebble hits the 
block at t= 1 s, the value of v is [Take g = 10 m/s*.] 


(А) v50m/s (В) V51 m/s 
(C) У52 m/s (D) v53 m/s 
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Q5. Young's double slit experiment is carried out by 
using green, red and blue light, one color at a time, The 
fringe width recorded are fg, Ва, and Bp, respectively. 
Then, 

(A) Ho» Bn Br (В) 3e > Bo > Be 

(C) Hn» Ha > Вс (D) За > Hc > Вв 
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Q6. A small mass m is attached to a massless string 
whose other end is fixed a P as shown in the figure. 
‘The mass is undergoing circular motion in the z-y plane 
with centre at О and constant angular speed w. If the 
angular momentum of the system, calculated about O 
and Р are denoted by Lo and Lp, respectively, then, 


T 


(A) Zo and Lp do not vary with time. 

(В) Zo varies with time while Zp remains constant. 
(С) Zo remains constant while Ep varies with time, 
(D) Го and Lp both vary with time. 
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QT. A mixture of 2md of helium gas (atomic 
mass u) and 1 mol of argon gas (atomic mass=40 u) 
is kept at 300 К in a container. The ratio of rms speed 
ева helium) 


zon) 
(AJ 032 (B) 045 (C) 2.24 (D) 3.16 


IIT JEE 2012 Paper 1 334 


Q8. Two large vertical and parallel metal plates having 
а separation of lem are connected to a DC voltage 
source of potential difference X. A proton is released 
at rest midway between the two plates. It is found to 
move at 45° to the vertical just after release. Then X 
is nearly 

(A) 1075 V. (B) 1077 V (С) 1079 V (D) 107? v 
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Q9. A biconvex lens is formed with two thin plano- 
convex lenses as shown in she figure. Refractive index 
п of the first lens is 1.5 and that of the second len: 
1.2. Both the curved surfaces are of the same radius 
of curvature R = 14 сш. For this biconvex lens, for an 
object distance of 40 cm, the image distance will be 


m3 


(A) —280 cm (B) 40 cm (C) 21.5 сш (D) 13.3 em 
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910. A thin uniform rod, pivoted at O, is rotating in 
horizontal plane with constant speed w, as shown in the 
figure. At time t = 0, а small insect starts from O and 
moves with constant speed v with respect to the rod 
towards the other end. It reaches the end of the rod 
at t = T and stops. The angular speed of the system 
remains w throughout, The magnitude of torque (I7]) 
on the system about O, as a function of time is best. 
represented by which plot? 


am (B) m 
(c) m (D) m 
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One or More Option(s) Correct 


This section contains 5 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (are) correct. Marking 
scheme is: 
1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


2. Zero Marks: (0) If none of the bubbles 


s darkened 
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Q11. A cubical region of side a has it centre at 
the origin, Tt encloses three fixed point charges —q 
at (0,—a/4,0) +39 at (0,0,0) and —q at (0,a/4,0). 
Choose the correct option(s). 


(A) The net electric Вих crossing the plane x = +a/2 
is equal to the net electric flux crossing the plane 
£= —a/2. 

(В) The net electric flux ecossing the plane y = +a/2 
is more than the net electric flux crossing the plane 
у= afa. 

(C) The net electric flux crossing the entire region is 
alco. 

(D) The net electric flux crossing the plane > = +a/2 
is equal to the net electric flux crossing the plane 
n= +a/2. 
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912. А person blows into open-end of a long pipe. Аз 

a result, a high pressure pulse of air travels down the 

pipe. When this pulse reaches the other end of pipe, 

(A) a high pressure pulse starts travelling up the pipe, 
if the other end of pipe is open. 

(В) a low pressure pulse starts travelling up the pipe, 
if the other end of pipe is open. 

(C) а low pressure pulse starts travelling up the pipe, 

the other end of pipe is closed, 

(D) a high pressure pulse starts travelling up the pipe 
if the other end of pipe is closed. 
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913. Consider the motion of a positive charge in a re- 

gion where there are simultaneous uniform electric and 

magnetic fields E = Бой and B = Boj. At time t = 0, 

this charge has velocity v in the 2-у plane making an 

angle @ with the z axis. Which of the following op- 

tion(s) is (are) correct for t» 0? 

(A) If 6 = 0, the charge moves in a circular path in the 
2-5 plane, 

(B) If = 0, the charge undergoes he 
constant pitch along y axis. 

(C) 1f @ = 10°, the charge undergoes helical motion 
with its pitch increasing with time, along the y axis. 

(D) If Ø = 90°, the charge undergoes linear but accel- 
erated motion along y axis. 
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914. A small block of mass 0.1 kg lies on a fixed in- 
clined plane PQ which males an angle 0 with the hor- 
izontal. A horizontal force of 1 № acts on the block 
‘through its centre of mass as shown in the figure. The 
block remains stationary if [Take g = 10 m/s?.] 


Q 


o a 


(A) 0— 45° 

(В) 0 > 45° and frictional force acts on the block to- 
wards P 

(C) 0 > 45° and frictional force acts on the block to- 
wards Q 

(D) 0 < 45° and frictional force acts on the block to- 
wards Q 
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915. For the resistance network shown in the figure, 
choose the correct option(s), 


Po s 


in ES 


a WV T 


nv 


(A) The current through PQ is zero, 

(B) Я=ЗА 

(C) The potential at S is less than that at Q. 
(0) в=2А 
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Integer Type 


‘This section contains 5 questions. The answer to 
each question in this section is a single digit integer 
ranging from 0 to 9, both inclusive, Marking scheme is: 
1. Full Marks: (+4) Ifonly the bubble corresponding, 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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916. An infinitely long sclid cylinder of radius R has 
а uniform charge density p. It has a spherical cavity of 
radius R/2 with its centre on the axis of cylinder, as 
shown in the figure. The magnitude of electric field at 
point P, which is at a distance 2R from the axis of the 


linden is given by the expression 7322. ‘The value of 
kis 
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Q17. A cylindrical cavity of diameter a exist inside a 
cylinder of diameter 2a as shown in the figure. Both 
the cylinder and cavity arc infinitely Tong, А uniform 
current density J flows along the length. If the magni- 
tude of magnetic field at point P is given by XypaJ. 
then the value of М... 
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918. A lamina is made by removing a small disc of 
diameter 2R from a bigger disc of uniform mass density 
and radius 2R as shown in the figure. The moment 
of inertia of this lamina about axes passing through O 
and P is Јо and Ip, respectively. Both these axes are 
perpendicular to the plane of lamina. The ratio 12 to 
the nearest integer is 
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Q19. A circular vire loop of radius R is placed in 
plane centered at the origin O. A square loop of side 
a (а < R) having two tums is placed with its centre 
at 2 = V3R along the axis of the circular wire loop, 
as shown in the figure. Tae plane of the loop makes 
an angle of 45° with respect to 2-axis, lf the mutual 
inductance between the loops is given by 5/275, then 
the value of p 
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920. А proton is fired from very far away towards 
а nucleus of charge Q = 120e, where e is electronic 
charge. It makes a closes: approach of 10 fm to the 
nucleus. The de-Broglie wavelength (in units of fin) 
of proton at its start is [Take the proton 
mass my = 5/3 x 10727 kg, h/e = 4.2 x 10715 J s/C, 
1 =9 x 10° m/F, 1 fm = 105 m] 
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Answers 


no 11. А, 
2. D 12. B,D 
ЗА 13. ©, D 
4A 14. AC 
5. D 

6. C 

7. D 

в.с 

9. B 


Рарег 2 


‘The physics part of the paper contains 20 questions 
‘The questions are divided into three sections (1) single 
correct answer type (2) multiple correct answers type 
and (3) paragraph type. 
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One Option Correct 


This section contains 3 questions. Each question 
has four options (A), (B), (C) and (D). Only one of 
these four options is correct, Marking scheme is: 
1. Full Marks: (+2) If only the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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Q1. An infinitely long hollow conducting cylinder with 
inner radius R/2 and outer radius R carries a uniform 
current density along its length. The magnitude of the 
magnetic field, |B| as a function of the radial distance 
r from the axis is best represented by 

(a) 1 (в) 14 


ma R пр R 
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92. A thin uniform cylindrical shell, closed at both 
ends, is partially filled with water. It is floating ver- 
tically in water in half-submerged state. If pe is the 
relative density of the material of the shell with respect 
to water, then the correct statement is that the shell 
(A) more than half-filled if pe is less than 0.5. 

(В) more than half-filled if pe is more than 1.0. 

(C) halffilled if pe is more than 0.5. 

(D) less than half-filled if pe is less than 0.5. 
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Q3. In the given circuit, a charge of +80 uC is given 
to the upper plate of the 4 uF capacitor. Then in the 
steady state, the charge on the upper plate of the 3 MF 
capacitor is 


m 
AuF. 
| 
2pF-: ЗЫР 
$ 


(A) +32 uC (В) +40 uC (C) +48 uC (D) +80 uC 
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Q4. Two moles of ideal helium gas are in rubber bal- 
Joon at 30 °С. The balloon is fully expandable and can 
bbe assumed to require no energy in its expansion. The 
temperature of the gas in the balloon is slowly changed 
to 35°C. The amount of heat required in raising the 
temperature is nearly [Take R = 8.31 J/mol K.] 

(A) 624 (B) 1042 (C) 124 (D) 208 J 
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95. Consider a disc rotating in the horizontal plane 
with constant angular speed w about its centre О. The 
disc has a shaded region on one side of the diameter and 
an unshaded region on the other side as shown in the 
figure. When the disc is in the orientation as shown, 
two pebbles P and Q are simultaneously projected at 
an angle towards R. The velocity of projection is in the 
plane and is same for both pebbles with respect to 
the dise. Assume that (i) they land back on the dis 
before the disc has completed 1/8 rotation, (ii) their 
range is less than half the dise radius, and (ii) w is 
constant throughout. Then, 


N 
(de Q 


p 


(A) P lands in the shaded region and Q in the unshaded 
region, 
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(B) P lands in the unshaded region and Q in the shaded 
region, 

(C) Both P and Q land in the unshaded region. 

(D) Both P and Q land in the shaded region, 
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96. A student is performing the experiment of res- 
onance column, The diameter of the column tube is 
4 em. The frequency of the tuning fork is 512 Hz. The 
air temperature is 38°C at which the speed of sound 
is 336 m/s. The zero of meter scale coincides with the 
top end of the resonance column tube. When the first 
resonance occurs, the reading of the water level in the 
column 
(A) H0 em (В) 15.2 em (C) 16.4 em (D) 17.6 em 
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От. Two identical discs of same radius R are rotating 
about their axes in opposite directions with the constant 
angular speed w. The discs are in the same horizontal 
plane, At time ¢=0, the point P and Q are facing 
cach other as shown in the figure. The relative speed 
between the two points P and Q is v. In one time 
period (T) of rotation of the discs, vy as a function of 
time is best represented by 


p ' v 
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Q8. A loop carrying current J lies in the z-y plane as 
shown in the figure. The unit vector й is coming out of 
the plane of the paper, The magnetic moment of the 
current loop is 


dD. 
са 


(А) ork (B) (+ 
(С) = (8+1) 026 (D) та 
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One or More Option(s) Correct 


‘This section contains 6 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (are) correct, Marking 
scheme is: 
1. Full Marks: (43) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


2. Zero Marks: (0) In all other cases 
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Q9. The figure shows a system consisting of (i) a ring 
of outer radius ЗА rolling clockwise without slipping on 
а horizontal surface with engular speed w and (ii) an 
inner disc of radius 2R rotating anti-clockwise with an- 
gular speed w/2. "The ring and disc are separated by 
frictionless ball bearings. The system is in the r-z plane. 
‘The point P on the inner disc is at a distance Jt from 
the origin, where OP makes an angle of 30° with the 
horizontal. Then with respect to the horizontal surfac 


(A) the point О has a linear velocity ЗА 
(B) the point P has a linear velocity 1 Rui + 38 Ruk. 
(C) the point P has a linear velocity 12 Rui — ХЗ Лой, 


TIT JEE 2012 Paper 2 
(D) the point P has a linear velocity (з- 
wk. 
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910. Two spherical planets P and Q have the same 
uniform density p, masses Mp and Mg, and surface 
areas A and 44, respectively, А spherical planet А has 
uniform density p and its mass is (Mp + Mg). The 
escape velocities from the planets P, Q and R, are Vp, 
Vg and Vp, respectively. Then, 

(A) Va» Va2 Ve (B) Va Vo Ve 

(C) Va/Vp - 3 (0) Ve/Vo = 1/2 
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Q1. Two solid cylinders P and Q of same mass and 

same radius start. rolling down а fixed inclined plane 

from the same height at the same time. Cylinder P has 

most of its mass concentrated near its surface, while Q 

has most of its mass concentrated near the axis. Which 

statement(s) is (are) correct? 

(A) Both cylinders P and Q reach the ground at the 
some time, 

(B) Cylinder P has larger linear acceleration than 
cylinder Q. 

(C) Both cylinders reach the ground with same trans- 
lational kinetic energy. 

(D) Cylinder Q reaches the ground with larger angular 
speed, 
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912. Six point charges are kept at the vertices of a 
regular hexagon of side L and centre О, as shown in the 
figure. Given that K = фа. fs, which of the following 
statement(s) is (are) correct? 


(A) The electric field at O is 6K along OD. 
(B) The potential at O is zero. 

(C) The potential at all points on the line PR is same. 
(D) The potential at all points on the line ST is same, 
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Q13. A current carrying infinitely long wire is kept 

along the diameter of a circular wire loop, without 

touching it. The correct statement(s) is (are) 

(A) The emf induced in the loop is zero if the current. 
is constant. 

(B) The emf induced in the loop is finite if the current. 

constan 

(C) The emf induced in the loop is zero if the current. 
decreases at а steady rate. 

(D) The emf induced in the loop is finite if the current 
decreases at a steady rate. 
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914. In the given circuit, the AC source has w = 
100 rad/s. Considering the inductor and capacitor to 
be ideal, the correct choices) is (are) 


100KF qq 


(A) The current through the circuit, Z is 0.3 А. 
(B) The current through the circuit, Z is 0.3/2 А. 
(C) The voltage across 100 0 resistor = 10/2 V. 
(D) The voltage across 50 0 resistor = 10 V. 
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Paragraph Type 


‘This section contains 6 questions related to three 
paragraphs with two questions on each paragraph, Each 
question has four options (A), (B), (C) and (D). Only 
‘one of these four options is correct. Marking scheme is: 
1. Full Marks: (+3) Ifonly the bubble corresponding 

to the correct answer is darkened 
2. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 15-16 


‘The general motion of a rigid body can be consid- 
ered to be a combination of (i) a motion of its centre of 
mass about an axis, and (ii) its motion about an instan- 
taneous axis passing through the centre of mass. ‘These 
axes need not be stationary. Consider, for example, a 
thin uniform disc welded (rigidly fixed) horizontally at 
its rim to a massless stick, as shown in the figure, When 
the dise-stick system is rotated about the origin on a 
horizontal frictionless plane with angular speed w, the 
‘motion at any instant can be taken as a combination 
of (i) a rotation of the centre of mass of the disc about 
the z-axis, and (ii) a rotation of the dise through an 
instantaneous vertical axis passing through its centre of 
mass (as is seen from the changed orientation of points 
P and Q). Both these motions have the same angular 
speed w in this case. 


Now consider two similar systems as shown in the 
figure: Case (a) the dise with its face vertical and par- 
allel to -s plane; Case (b) the disc with its face making 
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an angle of 45° with z-y plane and its horizontal diam- 
eter parallel to z-axis. In both the cases, the dise 

welded at point P, and the systems are rotated with 
constant angular speed w about the z-axis. (2012) 
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Q15. Which of the following statements about the in- 

stantaneous axis (passing through the centre of mass) 

is correct? 

(A) It is vertical for both the case (a) and (b). 

(B) 1t is vertical for case (a); and is at 45° to the z-z 
plane and lies in the plane of the disc for case (b) 

(C) Tt is horizontal in case (a); and is at 45° to the 
plane and is normal to the plane of the disc for case 
(b). 

(D) It is vertical for case (a); and is at 45° to the z-z 
plane and is normal to the plane of the dise for case 
(b). 
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Q16. Which of the following statements regarding the 
angular speed about the instantaneous axis (passing 
through the centre of mass) is correct? 

(A) It is У2 for both the cases. 

(B) It is w for case (a); and 5 for case (b). 

(С) It is w for case (a); and Vw for case (b). 

(D) It is w for both the cases. 
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Paragraph for Questions 17-18 


‘The 8-йесау process, discovered around 1900, is 
basically the decay of a neutron (п). In the laboratory, 
a proton (p) and an electron (e~) are observed as the de- 
cay product of the neutron. Therefore, considering the 
decay of a neutron as a two body decay process, it was 
predicted theoretically that the kinetic energy of the 
electron should be constant. But experimentally, it was 
observed that the electron kinetic energy has a continu- 
ous spectrum. Considering a three-body decay process 
ie, n эре” + Ре, around 1930, Pauli explained the 
observed electron energy spectrum. Assuming the an- 
tineutrino (7e) to be massless and possessing negligible 
energy, and the neutron to be at rest, momentum and. 
energy conservation principles are applied. From this 
calculation, the maximum kinetic energy of the elec- 
tron is 0.8 x 105 eV. The kinetic energy carried by the 
proton is only the recoil energy. (2012) 


IIT JEE 2012 Paper 2 375 
917. What is the maximum energy of the anti- 
neutrino? 

(A) Zero. 

(B) Much less than 0.8 x 10° eV. 

(C) Nearly 0.8 x 10° eV. 

(D) Much larger than 0.8 x 10° eV. 
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918. Ifthe anti-neutrino bad a mass of 3 eV /c? (where. 
cis the speed of light) instead of zero mass, what should 
be the range of the kinetic energy, №, of the electron? 
(A) 0< K < 08 x 10° eV. 

(B) 30eV € K < 0.8 x 10 eV 

(C) 3.0 eV < K < 08 x 10 eV 

ID) 0< K < 0.8 x 10° eV 
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Paragraph for Questions 19-20 


Most materials have refractive index, n > 1. So, 
when a light ray from air enters a naturally occurring 
material, then by Snell's law, S88 — "2, it is under- 
stood that the refracted ray bends towards the normal. 
But it never emerges on the same side of the normal as 
the incident ray. According to electromagnetism, the 
refractive index of the medium is given by the relation, 
Зет, where c is the speed of electromag- 
netic waves in vacuum, visits speed in medium, e, and 
Hir are the relative permittivity and permeability of the 
medium respectively. In normal materials, both e, and 
Ji, are positive, implying positive n for the medium. 
When both є, and ji, are negative, one must choose 
the negative root of m. Such negative refractive in- 
dex materials can now be artificially prepared and are 
called meta-materials. They exhibit significantly dif- 
ferent optical behavior, without. violating any physical 
laws. Since n is negative, it results in a change in direc- 
tion of propagation of the refracted light. However, sim- 
ilar to normal materials, the frequency of light remains 
unchanged upon refraction even in meta-materials. 
(2012) 
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Q 19. For light incident from air on a meta-material, 
the appropriate ray diagram is 

(A) в) ^ 
ль 

‘Meta Material 7g, 
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920. Choose the correct statement, 

(A) The speed of light in meta material is v 

(B) The speed of light in meta material is v 

(C) The speed of light in meta material is v 

(D) The wavelength of the light in meta-material (Ay) 
is given by Am = Anin], where Anir is the waver 
length of the light in air. 
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Answers 


LD 11. D 
2A 12. A,B,C 
2.6 13. AC 
4D 

Б.С 15. А 

6. В 16. D 
TA 17. С 

8. B 18. D 

9. A,B 19. C 

10. B, D 20. B 


ПТ JEE 2011 


ШТ JEE 2011 was a single stage examination of two 
papers, Paper 1 and Paper 2, each of three hours du- 
Tation. Each of the papers has three separate sections 
of physics, chemistry and mathematics. АП questions 
were of objective type, designed to test comprehension, 
reasoning and analytical ability of the candidate. 
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Рарег 1 


‘The physies part of the paper contains 23 questions of 
maximum marks 80. The questions are divided into 
four sections (1) single correct answer type (2) multiple 
correct answers type (3) paragraph type and (4) integer 
type. 
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One Option Correct 


‘This section contains 7 questions. Each question in 
this section has four options (A), (B), (C) and (D). Only 
one of these four options is correct, Marking scheme 
1. Full Marks: (+3) If only the bubble corresponding 

to the correct answer is darkened 
2. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 


IIT JEE 2011 Paper 1 384 


Q1. 5.6 litre of helium gasat STP is adiabatically com- 
pressed to 0.7 litre, Taking the initial temperature to 
be Ту, the work done in the process is 

(A) 8RT, (B) ЗАТ, (C) BRT (D) PRT, 
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Q2. Consider an electric field Ë = Ep i, where Ep is a 
constant, The flux through the shaded region (as shown 
in the figure) due to this field is 


(A) 2E (В) УВЕ? (C) Ем? (D) E9? 
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93. A ball of mass (m) 05 kg is attached to the end 
of a string having length (0 0.5 m. The ball is rotated 
on a horizontal circular path about vertical axis. The 
maximum tension that the string can bear is 324 N. 
‘The maximum possible value of angular velocity of the 
ball (in rad/s) is 
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Q4. The wavelength of the first spectral line in the 
Balmer series of hydrogen atom is 6561 Å. The wave- 
length of the second spectral line in the Balmer series 
of singly-ionized helium atom is 

(А) 1215 А (B) 1640 Å (C) 2430 A (D) 4687 А 
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95. A metre bridge is set-up as shown, to determine an 
unknown resistance X using a standard 10 0 resisto 
‘The galvanometer shows null point when tapping-ke 
at 52cm mark, The end corrections are 1 cm and 2 em 
respectively for the ends A «nd B. The determined value 


of X is 
А 


(A) 1020 (В) 1060 (С) 10.89 (D) 1110 


N в 
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Q6. A 2 uF capacitor is charged as shown in the figure. 
The percentage of its stored energy dissipated after the 
switch S is turned to position 2 is 


nn 
s 
v lae ЗЫР 


1 


(A) 0% (B) 20% (C) 75% (D) 80% 
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Q7. A police car with a siren of frequency 8 kHz i. 
moving with uniform velocity 36 km/h towards a tall 
building which reflect the sound waves. The speed of 
sound in air is 320 m/s. The frequency of the siren 
heard by the car driver is 

(A) RS0kHz (В) 8.25 kHz 

(C) 7.75 kHz — (D) 7.50 kHz 
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One or More Opi 


n(s) Correct 


‘This section contains 4 questions. Each question in 
this section has four options (A), (B), (C) and (D). One 
ог more than one of these four options is (are) correct 
Marking scheme is: 
1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


2. Zero Marks: (0) If none of the bubbles is darkened 
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Q8. A metal rod of length L and mass m is pivoted at 
one end. A thin disc of mass M and radius R (< L) is 
attached at its centre to the free end of rod. Consider 
the two ways the dise is attached. (Case A) The disc 
is not free to rotate about its centre, and (Case B) 
the dise is free to rotate about its centre. The rod- 
dise sys 

released from the same displaced posi 
the following statement (s) is (аге) true? 


6 


(A) restoring torque in case A = restoring torque in 
case В. 

(В) restoring torque in case A < restoring torque in 
case В. 

(С) Angular frequency of case A > Angular frequency 
of case B. 

(D) Angular frequency of case А < Angular frequency 
of case В. 
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Q9. А composite block is made of slabs А, В, C, D and 
E of different thermal conductivities (given in terms of 
constant AC) and sizes (given in terms of length, L) as 
shown in the figure. All slabs are of same width, Heat 
Q flows only from left to right through the blocks. Then 
in steady state, 


= COE 5L 6L 
= Bak 

n 
— |А 
— k| cak 

m s 
= D 5K 


(A) heat flow through A and E slabs are same. 

(B) heat flow through slab Æ is minimum. 

(C) temperature difference across slab Æ is minimum. 

(0) heat flow through C = heat flow through B + heat 
flow through D. 
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910. An electron and a proton are moving on straight 

parallel paths with same velocity. They enter into semi- 

infinite region of uniform magnetic field perpendicular 

to their velocity. Which of the following statement(s) 

is (are) true? 

(A) They will never come out of magnetic field region. 
B) They will come out traveling along parallel paths. 
(C) They will come out at the same time. 

(D) They will come out at different: times. 
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Q11. A spherical metal shell A of radius Ка and a 
solid metal sphere of radius Rp (< Ra) are kept far 
apart and each is given a charge +0. Now they are 
connected by a thin metal wire. Then, 

(A) Elide -0 (B) Qa > Qn 

(C) f= (р) apee < pgpnuetace 
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Paragraph Type 


‘This section contains two paragraphs. Based on 
one of the paragraphs 3 multiple choice questions and 
based on other paragraph 2 multiple choice quest 
have to be answered. Each question has four oy 
(A), (B), (C) and (D). Only one of these four option: 
correct. Marking scheme is 

1. Full Marks: (+3) Ношу the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) If none of the bubbles is darkened 
3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 12-14 


Phase space diagrams are useful tools in analysing 
all kinds of dynamical problems. They are especially 
useful in studying the charges in motion as initial po- 
sition and momentum are changed. Here we consider 
some simple dynamical systems in one dimension. For 
such systems, phase space is a plane in which position is 
plotted along horizontal axis and momentum is plotted 
along vertical axis. The phase space diagram is z(t) 
versus p(t) curve in this plane. The arrow on curve 
indicates time flow. For example, the phase space dia- 
gram for a particle moving with constant velocity is a 
straight lime as shown in the figure. We use the sign 
convention in which position or momentum upward (or 
to right) is positive and downwards (or towards left) is 
negative. (on) 


Position 
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912. The phase space diagram for a ball thrown ver- 


tically up from ground is 


(A) 


(с) 


Momentum. 


(B) 


Momentum. 


Momentum. 


Position. 


(D) 


Momentum 


Position 
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Position 


Position 
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913. The phase space diagram for SHM is a circle cen- 
tered at the origin, In the figure, two circles represent 
the same oscillator but for different initial conditions, 
and E and Рз are total mechanical energies, respec- 
tively. Then, 


Momentum 
BT 
в, 
[yo 
a) J Postion 
УЗЕ (B) E = 2E; 


а (D) E 
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914. Consider the spring mass system, with mass sub- 
merged in water, as shown in the figure. The phase 
space diagram for one cycle of this system is 


(A) Momentum (В) Momentum. 
Position. CD} Position 
(C) Momentum (D) Momentum 
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Paragraph for Questions 15-16 


A dense collection of equal number of electrons and 
positive ions is called neutral plasma. Certain solids 
containing fixed positive icns surrounded by free elec- 
trons can be treated as neutral plasma. Let № be num- 
ber density of free electrons, each of mass m. When 
the electrons are subjected to an electric field, they are 
displaced relatively away from the heavy positive ions 
If the electric field become zero, the electrons begin to 
oscillate about positive ions with natural frequency wp, 
which is called plasma frequency. To sustain the oscil- 
lations, a time varying electric field needs to be applied 
that has an angular frequency w, where a part of energy 
is absorbed and a part of it is reflected. As w approaches 
Wp, all the free electrons areset to resonate together and 
all the energy is reflected. This is the explanation for 
high reflectivity of metals. (on) 
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915. Taking the electronic charge as e and permittiv- 
ity as €o, use dimensional analysis to determine correct. 
expression for wp. 


(А) уе (в) VF © / 8S ©) VT 


IIT JEE 2011 Paper 1 403 


Q16. Estimate the wavelength at which plasma reflec- 
tion will occur for a metal having the density of electron 
N = 4x 107 m. Таке ¢ = 107! and m = 10799, 
where these quantities are in proper SI units, 

(А) 800 nm (В) 600 um (C) 300 nm (D) 200 nm 
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Integer Type 


‘This section contains 7 questions. The answer to 
each question in this section is a single digit integer 
ranging from 0 to 9, both inclusive. Marking scheme: 
1. Full Marks: (+4) Ifonly the bubble corresponding 
to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q17. A boy is pushing a ring of mass 2 kg and radius. 
0.5 m with a stick as shown in the figure. The stick 
applies a force of 2 N on the ring and rolls without slip- 
ping with an acceleration of 0.3 m/s?. "The coefficient of 
friction between the ground and the ring is large enough 
that rolling always occurs and the coefficient of friction 
between the stick and ring is P/10, The value of P 
i 


Stick 


Ground 
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918. А block is moving cn an inclined plane making 
an angle 45° with the horizontal and the coefficient of 
friction is ji. The force required to just push it up the 
inclined plane is three times the force required to just 
prevent it from sliding down. If we define N = 10i then 
Nis 
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Q19. Four point charges, sach of +q, are rigidly fixed 
at the four corners of a square planar soap film of side 
а. The surface tension of soap film is y. The system. 
of charges and planar film are in equilibrium and а = 
k [5/2] where k is a constant. Then N is .... 
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920. Steel wire of length L at 40 °C is suspended from. 
ceiling and then a mass m is hung from its free end. 
‘The wire is cooled down from 40 °C to 30 °С to regain 
its original length L. The coefficient of linear thermal 
expansion of the steel is 10-5 /°C, Young's modulus 
for steel is 10! N/m? and radius of the wire is 1 mm. 
Assume L > diameter of the wire. Then the value of 
т (in kg) is nearly .. 
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Q1. The activity of a freshly prepared radioactive 
sample is 1019 dis-integration per second, whose mean 
life is 10° s. The mass of an atom of this radioisotope is 
10-25 kg. The mass (in mg) of the radioactive sample 
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922. A long circular tube of length 10m and radius 
0.3 m carries a current Г along its curved surface as 
shown. A wire-loop of resistance 0.0059 and of ra- 
dius 0.1m is placed inside the tube with its axis co- 
inciding with the axis of tube. The current varies as 
Jo cos(300t), where Ip is constant. If magnetic mo- 
ment of the loop is Nolo sin(3001), then N is. 
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923. Four solid spheres each of diameter уб cm and 
mass 0.5 kg are placed with their centers at the corner of 
a square of side 4 em. The moment of inertia of the sys- 
tem about the diagonal of the square is N x 10-4 kg m?, 
then N is 
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Answers 


11. А, В, C, D 
12. D 


13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
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Рарег 2 


‘The physies part of the paper contains 20 questions of 
maximum marks 80. The questions are divided into 
four sections (1) single correct answer type (2) multiple 
correct answers type (3) integer type and (4) matrix- 
matching type. 
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One Option Correct 


‘This section contains 8 questions. Each question in 
this section has four options (A), (B), (C) and (D). Only 
one of these four options is correct, Marking scheme 
1. Full Marks: (+3) If only the bubble corresponding, 

to the correct answer is darkened 
2. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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91. A satellite is moving with a constant speed V in 
а circular orbit about earth, An object of mass m is 
ejected from the satellite such that it just escapes from 
the gravitational pull of the earth, At the time of its 
injection, the kinetic energy of the object is 

(A) ту? (B) mV? (C) 3mV? (D) 2mV? 
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Q2. A long insulated copper wire is closely wound as 
a spiral of N turns, The spiral has inner radius a and 
outer radius b. The spiral lies in з-у plane and a steady 
current Г flows through the wire. The 2 component of 
magnetic field at the centre of spiral is 


(A) dde m) (B) den (i 
FEET 
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Q3. A point mass is subjected to two simultaneous si- 
nusoidal displacements in x direction, zx(!) = Asin(wt) 
and z(t) = Asin (wt + 3). Adding a third sinusoidal 
displacement 3(t) = Bsin(wt + 9) brings the mass to 
complete rest. The value of B and are 

(А) УЗА, 37/4 (В) A, 47/3 

(С) УЗА, 5/6. (D) A, 1/3 
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Q4. Which of the field pattern given below is valid for 
electric field as well as for magnetic field? 
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95. A ball of mass 0.2 kg rests on vertical post of 
height 5m. A bullet of mass 0.01 kg, travelling with 
velocity V m/s in horizontal direction, hits the centre 
of the ball. After the collsion, the ball and the bul- 
let travel independently. ‘The ball hits the ground at a 
distance of 20 m and the bullet at a distance of 100 m 
from the foot of the post. The initial velocity V of the 
bullet is [Take g = 10 m/s] 


ГА 


0 20 100 


(A) 250 m/s (В) 2502 m/s 
(C) 400 m/s (D) 500 m/s 
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96. The density of a solid ball is to be determined in 
ап experiment, ‘The diameter of the ball is measured 
with a screw gauge, whose pitch is 0.5 mm and there 
are 50 divisions on the cireular scale. The reading on 
the main scale is 2.5 mm and that on the circular scale. 
is 20 divisions. If the messured mass of the ball has 
relative error of 2%, the percentage error in density is 


(A) 09% (B) 2.4 96 (C) 3.1% (D) 42% 
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Q7. A wooden block performs SHM on a frictionless 

surface with frequency ro. The block contains a charge 

+q on its surface. If now, a uniform electric field Ё 

switched on as shown, then SHM of the block will be 

(A) of the same frequency and with shifted mean posi- 
tion. 

(B) of the same frequency and with same mean posi 
tion. 

(C) of changed frequency and with shifted mean posi 
tion. 

(D) of changed frequency with same mean position, 
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Q8. A light ray travelling in glass medium is incident 
on glass-air interface at an angle of incidence 0. The 
reflected (R) and transmitted (T) intensities, both as a 
function of 0 are plotted. The correct sketch is 

(A) 10% 
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One or More Option(s) Correct. 


‘This section contains 4 questions. Each question in 
this section has four options (А), (B), (С) and (D). One. 
ог more than one of these four options is (are) correct 
Marking scheme is: 
1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


2. Zero Marks: (0) In all other cases 
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Q9. Which of the following statement(s) is (are) cor- 

rect? 

(A) If electric field due to a point charge varies as 25 
instead of r2, then the Gauss law will still be valid. 

(B) The Gauss law can be used to calculate the field 
distribution around an electric dipole. 

(C) If the electric field between two point charges 
zero somewhere, then the sign of two charges is the 
same. 

(D) The work done by the external force in moving a 
unit positive charge from point А at potential Уд 
to point В at potential Vg is Vg — Va. 
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910. A thin ring of mass 2kg and radius 0.5 m is 
rolling without slipping on a horizontal plane with ve- 
locity 1 m/s. A small ball of mass 0.1 kg, moving with 
velocity 20 m/s in the opposite direction, hits the ring 
ht of 0.75 m and goes vertically up with veloc- 
ity 10 m/s. Immediately after the collision, 


10m/s 


20m/s 


0.75m tiaj 


(A) the ring has pure rotation about stationary CM. 

(B) the ring comes to a complete stop. 

(C) friction between the ring and the ground is to the 
left. 

(D) there is no friction between the ring and the 
ground. 
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Q11. A series R-C circuit is connected to AC voltage 
source, Consider two cases (A) when C is without a 
dielectric medium and (B) when C is filled with dielec- 
tric medium of dielectric constant 4. The current Ig 
through the resistor and voltage Vo across the capaci- 
tor are compared in two cases. Which of the following 
is (are) true? 

(A) ЈА >18 (B) IR Ij 

(С) Và» V7 (D)VA«VP 
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912. Two solid spheres А and В of equal volumes but 
of different densities da and dg are connected by а 
string, They are fully immersed in a fluid of density 
dy. They get arranged inte equilibrium state as shown 
in the figure with a tension in the string. The arrange- 
ment is possible only if 


(А) da<dr (В) da > dr 
(C) da dg (р) da +в = 2dr 
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Integer Type 


‘This section contains 6 questions. "The answer to 
each question in this section is a single digit integer 
ranging from 0 to 9, both inclusive. Marking scheme is: 
1. Full Marks: (+4) Ifonly the bubble corresponding, 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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913. А train is moving along straight line with а con- 
stant acceleration а. А boy standing in the train throws 
а ball forward with a speed of 10 m/s at an angle 60° 
from horizontal. The boy has to move forward by 
1.15 m inside the train to catch the ball back at the 
initial height. The acceleration of the train in m/s? 
is 
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914. A block of mass 0.18 kg is attached to a spring 
of force constant 2 N/m. The coefficient of friction be- 
‘tween the block and floor is 0.1. Initially, the block is at 
rest and the spring is un-stretehed. An impulse is given 
to the block as shown in the figure. The block slides a 
of 0.06 m and comes to rest for the first time. 
ial velocity of the block (in m/s) is V = N/10. 
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915. Two batteries of different emfs and different in- 
ternal resistances are connected as shown. The voltage 
across AB (in volts) is 


у 
г 

ad в 
и м 
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Q6. Water (with refractive index 4/3) in а tank is 
18 cm deep. Oil of refractive index 7/4 lies on water 
making a convex surface of radius of curvature R = 
6 em as shown in the figure. Consider oil to act as thin 
lens. An object S is placed 24 cm above water surface. 
‘The location of its image is at x em above the bottom 
of tank. Then з is 
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QT. A series R-C combination is connected to an AC 
voltage of angular frequency w = 500 rad/s. If the 
impedance of the R-C circuit is RVT.25, the time con- 
stant (in milliseconds) of the circuit is А 
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918. A silver sphere of radins 1 em and work function 
eV is suspended from an insulating thread in free- 
space, It is under continuous illumination of 200 nm 
wavelength light. As photoelectrons are emitted, the 
sphere gets charged and acquires a potential. The maxi- 
mum number of photoelectrons emitted from the sphere 
is Ax 107 (where 1 < A < 10). The value of Z is 
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Matrix or Matching Type 


This section contains 2 questions of total marks 16. 
Each question contains two columns, column 1 and col- 
umn П. Column I has four entries (A), (В), (C) and 
(D). Column II has five entries (p), (a), (r), (s) and 
(0). Match the entries in column I with entries in col- 
umn IL. Any given statement in column I can have cor- 
rect matching with one or more statement(s) given in 
column IL For each entry in column I, darken the bub- 
bles of all the matching entries. For example, if entry 
(A) in column I matches with entries (q), (r) and (t), 
then darken these three bubbles. Similarly, for entries 
(В), (C) and (D). Marking scheme for each entry in 
column 1 is: 

1. Full Marks: (+2) Ifonly the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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919. One mole of monatomic gas is taken through a 
cycle ABCDA as shown in the p-V diagram, Column IT 
gives the characteristics involved in the cycle. Match 
‘them with each of the processes given in Column 1. 


» 

sj t] 

LE b 

ows oY 

Column 1 Column I 
А-В (D) Internal energy de 
creases. 

noc (9) Internal energy in- 
(con (E) Heat is lost. 
(D) D> A (s) Heat is gained, 


(t) Work is done on the 
gas. 
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920. Column I shows four systems, each of the same 
length L for producing standing waves. The lowest pos- 
sible natural frequency of the system is called its funda- 
mental frequency, whose wavelength is denoted by Ay. 
Match each system with statement given in column ID 
describing the nature aud wavelength of standing waves, 
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Column Г Column П 
(A) Pipe close at one end. (p) Longitudi- 
= nal waves 


(B) Pipe open at both ends. 


D 
(C) Stretched wire clamped at 
both ends. 


o or 


(D) Stretched wire clamped at 
both ends and at mid point, 


(q) Transverse 


waves 
(A-L 
(5) A -2L 


(0A =a 
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Answers 


1B 12. A, B,D 
2A 13.5 

3. B 14.4 

4c 15.5 

5. D 16. 

6c 17.4 

TA 18. 

в.с 19. Араа), Вера), 
9. C, D Са), Dont) 
10. A, C 20. AG(pi), Вера), 


11. B,C Cass), D(a) 


IIT JEE 2010 


ШТ JEE 2010 was a single stage examination of two 
papers, Paper 1 and Paper 2, each of three hours du- 
Tation. Each of the papers has three separate sections 
of physics, chemistry and mathematics. АП questions 
were of objective type, designed to test comprehension, 
reasoning and analytical ability of the candidate. 
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Рарег 1 


four sections (1) single 
correct answer type (2) multiple correct answers type 
(3) paragraph type and (4) integer type. 
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One Option Correct 


‘This section contains 3 questions. Each question 
has four options (A), (B), (C) and (D). Only one of 
these four options is correc’, Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding, 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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Q1. A real gas behaves like an ideal gas if its 
(A) pressure and temperature are both high. 
(B) pressure and temperature are both low. 
(C) pressure is high and temperature is low, 
(D) pressure is low and temperature is high. 
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92. Incandescent bulbs cre designed by keeping in 
mind that the resistance of their filament increases 
with increase in temperature. If at room temperature, 
100 W, 60 W and 40 W bulbs have filament resistances 
Rioo, Reo and Rao, respectively, the relation between 


(B) ioo 
(C) Rioo > Reo > Rw (D) ghz > 
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93. To verify Ohm’s law, a student is provided with 
а test resister Rr, a high resistance Ry, and a small 
resistance Ro, two identical galvanometers Gy and Ga, 
and a variable voltage source V. The correct circuit to 
carry out the experiment is 

E 


(A) 


L3 


Rr ж 


(B) 


PN 


© p z 
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Re 


(0) de 
| ST 
EIS 
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94. An АС voltage source of variable angular fre 
quency w and fixed amplitude Vo is connected in series 
with a capacitance C and zn electric bulb of resistance 
R (inductance zero). When w is increased, 

(A) the bulb glows dimmer, 
(В) the bulb glows brighter. 
(C) total impedance of the ci 
(D) total impedance of the ci 


cuit is unchanged. 
‘cuit increases. 
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95. A thin flexible wire of length L is connected to 
two adjacent. fixed points and carries current Z in the 
clockwise direction as shown in the figure, When the 
system is put in a uniform magnetic field of strength 
B going into the plane of the paper, the wire takes the 
shape of a circle. ‘The tension in the wire is 


OE 


(A) IBL (B) 282 (C) 182 (D) 18L 
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96. A block of mass m is on an inclined plane of angle. 
6. The coefficient of friction between the block and the 
plane is j and tan 0 > p, The block is held stationary by 
applying a force P parallel to the plane. The direction 
of force pointing up the plane is taken to be positive. 
As P is varied from P; = mag(sin — р cos0) to Pz 
mg(sin Ө +p1c0s@), the frictional force f versus P graph 
will look like 
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Q7. A thin uniform annular disc (sce figure) of mass 
M has outer radius 4R and inner radius ЗА. The work 
required to take a unit mass from point P on its axis to 
infinity is 
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Q8. Consider a thin square sheet of side L and thick- 
ness t, made of material of resistivity p. The resistance 
between two opposite faces, shown by the shaded areas 
in the figure is 


72 


1222 
L 


(A) directly proportional to L. 
(В) dircetly proportional to t 
(C) independent of L. 

(D) independent of t. 
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One or More Op 


‘This section contains 5 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (are) correct, Marking 
scheme is: 

1. Full Marks: (43) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 

2. Partial Marks: (+1) For darkening a bubble cor- 
responding to each correct option, provided NO 
incorrect option is darkened 


3. Zero Marks: (0) If none of the bubbles is darkened 
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Q9. One mole of an ideal gas in initial state A under- 
goes a cyclic process ABCA as shown in the figure. Its 
pressure at А is ро. Choose the correct option(s) from 
the following, 


v 
avd] P 
LE. А 


т 
To 


(A) Internal energies at А and B are the same. 
(В) Work done by the gas in process AB is poVo In 4. 
(C) Pressure at C is po/4. 

(D) ‘Temperature at C is To/4. 
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910. A ray OP of monochromatic light is incident on 
the face AB of prism ABCD near vertex В at an inci- 
dent angle of 60° (see figure). If the refractive index of 
‘the material of the prism is УЗ, which of the following 
is (are) correct? 


15 


v Lo 
А D 


(A) The ray gets totally internally reflected at face CD. 

(B) The ray comes out through face AD. 

(C) The angle between the incident ray and the emer- 
gent ray is 90°, 

(D) The angle between the incident ray and the emer- 
цеш ray is 120°, 
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Q11. A student uses a simple pendulum of exactly 1 m 
Jength to determine g, the acceleration due to gravity. 
He uses a stop watch with the least count of 1 s for thi 
and records 40 5 for 20 oscillations, For this observa- 
tion, which of the following statement(s) is (are) true? 


(A) Error AT in measuring time period T 
(B) Error AT in measuring time period T 


0.05 s. 
1s 

C) Percentage error in the determination of g is 5%. 
(D) Percentage error in the determination of g is 2.5%. 
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912. A point mass of 1 kg collides elastically with a 
stationary mass of 5 kg. After their collision, the 1 kg 
and moves with speed of 
2 m/s. Which of the following statement(s) is (are) cor- 
rect for the system of these two masses? 
(A) Total momentum of the system is 3 kg m/s 
) Momentum of 5 ky mass after collision is 4 kg m/s. 
(C) Kinetic energy of the centre of mass is 0.75 J. 
(D) Total kinetic energy of the system is 4 J. 
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Q13. A few electric field lines for a system of two 
charges Qı and Qz fixed at two different points on the 
a-axis are shown in the figure, These lines suggest that 


Q Qa 
(A) IQ1l > lQal. 
(B) 19:1 < (Qal. 
(C) at a finite distance to the left of Q1 the electric field 


is zero. 
(D) at a finite distance to the right of Qa the electric 
field is zero. 
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Paragraph Туре 


‘This section contains two paragraphs. Based on 
one of the paragraphs 3 multiple choice questions and 
based on other paragraph 2 multiple choice quest 
have to be answered. Each question has four oy 
(A), (B), (C) and (D). Only one of these four option: 
correct. Marking scheme is 

1. Full Marks: (+3) Ношу the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) If none of the bubbles is darkened 
3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 14-16 


When a particle of mass m moves on the z-axis in a 
potential of the form V (x) = kz?, it performs SHM. The 
corresponding time period is proportional to y/m/h, as 
can be seen easily using dimensional analysis. However, 
the motion of a particle can be periodic even when its 
potential energy increases on both sides of = = 0 in 
а way different from kx? and its total energy is such 
that the particle does not escape to infinity, Consider a 
particle of mass m moving on the z-axis. Its potential 
energy is V(x) = az (а > 0) for |2] near the origin 
and becomes a constant equal to Vo for |r| > zo (see 
figure). (2010) 


vel 


v 
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QA. If the total energy of the particle is E, it will 
have periodie motion only if 
(A) Е<0 (B) Е>0 (C) V.» Е>0 (0) E» Vo 
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915. For periodic motion of small amplitude A, the 
time period T of this particle is proportional to 


(A) AVE (B) 3/2 (©) AV (D) AVE 
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Q16. The acceleration of this particle for |æ] > [zo] is 
(A) proportional to 500. (B) proportional to Vo 
(С) proportional to y% (0) zero 
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Paragraph for Questions 17-18 


Electrical resistance of certain materials, known 
as superconductors, changes abruptly from a nonzero 
value to zero as their temperature is lowered below a 
critical temperature 7.0). An interesting property of 
superconductors is that their critical temperature be- 
come smaller than T,(0) if they are placed in a magneti 

field i.e., the critical temperature Т.(В) is a function of 
‘the magnetic field strength B. The dependence of Te(B) 
on B is shown in the figure. (2010) 


TAB) 
т.0) 
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Q17. In the graph below, the resistance R of a super- 
conductor is shown as a function of its temperature T 
for two different magnetic fields By (solid line) and Bz 
(dashed line). If B» is larger than By, which of the fol- 
lowing graphs shows the correct variation of R with T 
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918. A superconductor has T-(0) = 100 K. When a 
magnetic field of 7.5 Tesla is applied, its Te decreases 
to 75K. For this material one can definitely say that 


5 Tesla, ТВ) = 80 K 
5 Tesla, 75 K < Т.В) < 100 K 
10 Tesla, 75 K < Т.(В) < 100 K 
10 Tesla, T,(B) = 70 K 
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Integer Type 


‘This section contains 10 questions. ‘The answer to 
each question in this section is a single digit integer 
ranging from 0 to 9, both inclusive, Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding, 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q19. The focal length of a thin biconvex lens is 20 cm. 
When an object is moved from a distance of 25 em 
in front of it to 50 cm, the magnification of its image 
changes from mas to mgo. The ratio 222 із... 
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920. An a-particle and a proton are accelerated from 
Test by a potential of 100 V. After this, their de- 
Broglie wavelengths are A, and Ay respectively. The 
ratio Ap/Aa, to the nearest integer, is 
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Q21. When two identical batteries of internal resis- 
tance 1 0 each are connected in series across a resistor 
R, the rate of heat produced in R is Jy. When the same 
batteries are connected in parallel across R, the rate is 
Jo. 1f = 2.25. then the value of R (in Q) is . 
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922. Two spherical bodies A (radius 6 cm) and B (ra- 
dius 18 cm) are at temperatures T; and Tp, respectively. 
‘The maximum intensity in the emission spectrum of A 
is at 500 nm and in that of B is at 1500 nm. Consider- 
ing them to be black bodies, what will be the ratio of 
the rate of total energy radiated by A to that of B? 
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Q23. When two progressive waves ji = 4sin(27.—6/) 
and yo —3sin(22—61— 5) are superimposed, the ampli- 
tude of the resultant wave is. 
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924. A 0.1 kg mass is suspended from a wire of negli- 
gible mass. The length of the wire is 1 m and its cross- 
sectional area is 4.9 x 1077 2, If the mass is pulled 
a little in the vertically downward direction and re- 
leased, it performs SHM of angular frequency 140 rad/s. 
1f the Young's modulus of the material of the wire is 
mx 10° N/m?, the value of n is 
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925. A binary star consists of two stars А (mass 
2.2M,) and В (mass 11M,), where M, is the mass of 
the sun, They are separated by distance r and are го- 
tating about their centre of mass, which is stationary. 
‘The ratio of the total angular momentum of the binary 
star to the angular momentum of star B about the cen- 
tre of mass is 
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Q26. Gravitational acceleration on the surface of a 
planet is Sg, where g is the gravitational acceleration 
on the surface of the earth. The average mass den- 
sity of the planet is 2/3 times that of the earth. If the 
escape speed on the surface of the earth is taken to be 
11 km/s, the escape velocity on the surface of the planet 
(in km/s) will be 
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927. A piece of ice of mass m grams is at —5 °C at at- 
 mospheric pressure, It is given 420 J of heat so that the 
ice starts melting, Finally when the ice-water mixture 
is in equilibrium, it is found that 1 g of ice has melted. 
Assuming there is no other heat exchange in the pro- 
cess, the value of m is ....... [Given: ice heat capacity 
2100 J/(kg*C) and latent heat = 3.36 x 10° J/kg. 
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928. A stationary source is emitting sound at a fixed 
frequency fo, which is reflected by two cars approaching 
the source. "The difference between the frequencies of 
sound reflected from the cars is 1.2% of fo. What is 
the difference in the specs of the cars (in km/h) to 
the nearest integer? The cars are moving at constant 
speeds much smaller than the speed of sound which 
330 m/s. 
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Answers 


лее шош 


Рарег 2 


‘The physics part of the paper contains 19 questions 
‘The questions are divided into four sections (1) single 
correct answer type (2) integer type (3) paragraph type 
and (4) matrix-matching type. 


E 
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One Option Correct 


‘This section contains б questions. Each question 
has four options (A), (B), (С) and (D). Only one of 
these four options is correct, Marking scheme is: 
1. Full Marks: (+5) If only the bubble corresponding, 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —2 In all other cases 
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91. A Vernier calipers has 1 mm marks on the main 
scale. It has 20 equal divisions on the Vernier scale 
which mateh with 16 main scale divisions. For this 
Vernier calipers, the least count is 

(А) 0.02 mm (В) 0.05 mm (C) 0.1 mm (D) 0.2 mm 
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92. A hollow pipe of length 0.8 m is closed at опе end. 
At its open end a 0,5 m long uniform string is vibrating, 
in its second harmonic and it resonates with the fun- 
damental frequency of the pipe. If the tension in the 
string is 50 № and the speed of sound is 320 m/s, the 
mass of the string is 

(A) 5grams (В) 10 grams 

(C) 20 grams (D) 40 grams 
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93. A biconvex lens of focal length 15 em is in front of 
a plane mirror, The distance between the lens and the 
mirror is 10 em. A small object is kept at a distance of 
30 cm from the lens. The final image is 

(A) virtual and at a distance of 16 cm from the mirror. 
(B) real and at a distance of 16 em from the mirror. 
(С) virtual and at a distance of 20 cm from the mirror. 
(D) real and at a distance of 20 em from the mirror. 
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94. A block of mass 2 kg is free to move along the z- 
axis, It is at rest and from 1 = 0 onwards it is subjected 
to a time dependent force F(t) in the z direction. The 
force F(t) varies with t as shown in the figure. The 
kinetic energy of the block after 4.5 seconds is 


FO 
AN 


aM. 
o ES 


(А) 4.50.1 (B) 7.502 (C) 5.063 (0) 14.06.J 
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95. A tiny spherical oil drop carrying net charge q i 
balanced in still air with a vertical uniform electric field 
of strength 587 x 10° V/m. When the field is switched 
off, the drop is observed to fall with terminal veloc- 
ity 2x 10 m/s. Given 9 = 9.8 m/s?, viscosity of 
the air = 1.8 x 1079 N-s/m? and the density of oil 
900 kg/m, the magnitude of q is 

(A) 16x 107 C. (B) 32x10? C 

(C) 48x10" C. (D) 80x 10-1 C 
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96. A uniformly charged thin spherical shell of radius. 
R carries uniform surface charge density of о per unit 
area, It is made of two hemispherical shells, held to- 
gether by pressing them with force F (see figure). The 
force F is proportional to 


(А) 20282 (В) Lo?R (C) 232 (D) Lgs 
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Integer Type 


‘This section contains 5 questions. The answer to 
each question in this section is a single digit integer 
ranging from 0 to 9, both inclusive. Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding, 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q7. A diatomic ideal gas is compressed adiabatically 
to 1/32 of its initial volume, If the initial temperature 
of the gas is T; (in Kelvin) and the final temperature is 
aT, the value of a is . 
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Q8. At time t = 0, a battery of 10 V is connected 
across points A and В in the given circuit, If the ca- 
pacitors have no charge initially, at what time (in sec- 
onds) does the voltage across them become 4 V? [Take 
In5 = 1.6,In3 = 1-1]. 


dud uF 


fH Le 


iN po 
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Q9. Image of an object approaching a convex mirror 
of radius of curvature 20 m along its optical axis is ob- 
served to move from 22 m to 29 m in 30 seconds, What 
is the speed (in km/h) of the object? 
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910. A large slab (и = 5/3) of thickness 8 cm is placed 
over a point source of light on a plane surface. It is seen 
that light emerges out of the top surface of the slab from 
a circular area of radius R em. What is the value of R? 
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Q11. To determine the half life of a radioactive ele- 
ment, а student plots a graph of In |2 
Here 2% is the rate of radionc 

If the number of radioactive nuclei of this element de- 
creases by a factor of p after 4.16 years, the value of p 


versus t. 
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Paragraph Type 


‘This section contains 6 question based on two para- 
graphs. Each question has four options (А), (В), (C) 
and (D). Only one of these four options is correct 
Marking scheme is: 
1. Full Marks: (+3) Ношу the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 12-14 


When liquid medicine of density p is to be put in 
the eye, it is done with the help of a dropper, As the 
bulb on the top of the dropper is pressed, a drop forms 
at the opening of the dropper. We wish to estimate 
the size of the drop. We first assume that the drop 
formed at the opening is spherical because that requi 
в minimum increase in its surface energy. To determin 
the size, we calculate the net vertical force due to the 
surface tension T when the radius of the drop is R. 
When this force becomes smaller than the weight of the 
drop, the drop gets detached from the dropper. (2010) 
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QA. If the radius of the opening of the dropper is r, 
the vertical force due to the surface tension on the drop 
of radius R (assuming r € R) is 

(А) 277 (B) 2=ВТ (C) 2992 (D) ET 
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913. If r = 5x 107* m, p= 10° kg/m, g = 10 m/s*, 
T — 0.11 N/m, the radius of the drop when it detaches 
from the dropper is approximately. 

(A) 14х10 3ш (B) 33x 102m 

(C) 20x103m (D) 41 x 10-3 m 
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Q14. After the drop detaches, its surface energy is 
(A) 14x 10°63) (В) 2:7 x 10-9 J 

(С) 54x 10®J (D) &1x 10-9 J 
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Paragraph for Questions 15-17 


‘The key features of Bohr's theory of spectrum of 
hydrogen atom is the quantization of angular momen- 
‘tum when an electron is revolving around a proton. We 
will extend this to a general rotational motion to find 
quantized rotational energy of a diatomic molecule as- 
suming it to be rigid. The rule to be applied is Dohr's 
quantization condition. (2010) 
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915. A diatomic molecule has moment of inertia 7. 
By Bohr's quantization condition its rotational energy 
in the n" level (n = 0 is not allowed) is 


(А) batir (B) 15087 (©) nair (D) gor 
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916. It is found that the excitation frequency from 
ground to the first excited state of rotation for the CO 
molecule is close to 3 x 10! Hz, Then the moment of 
inertia of CO molecule about its centre of mass is close 
to [Take h = 2x x 10-435] 

(A) 2.76 x 10-9 kgm? (В) 1.87 x 10-46 kg m? 

(C) A67» 10-7 kg m? (р) 1.17 x 107 kg m? 


IIT JEE 2010 Paper 2 500 


917. In CO molecule, the distance between C (mass = 
12 и) and О (mass = 16 u), where 1u = 5 x 10-27 kg, 
is close to 

(А) 24x10? ы (B) 19x 10-10 m 

(C) 131070 ш (D) 44x 107! m. 
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Matrix ог Matching Туре 


‘This section contains two questions. Each ques- 
tion contains two columns, column I and column H. 
Column I has four entries (A), (В), (C) and (D). Col- 
umn П has five entries (p), (a), (r), (s) and (t). Match. 
the entries in column I with entries in column П. Any 
given statement in column I can have correct matching 
with one or more statement(s) given in column II. For 
each entry in column I, darken the bubbles of all the 
matching entries, For example, if entry (A) in column I 
matches with entries (q), (1) and (t), then darken these 
three bubbles. Similarly, for entries (В), (С) and (D). 
Marking scheme for each entry in column 1 

1. Full Marks: (+2) If only the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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918. Two transparent media of refractive indices jn 
and jig have a solid lens shaped transparent material of 
refractive index jiz between them as shown in figures in 
Column П. А ray traversing these media is also shown 
in the figures. In Column 1 different. relationship be- 
tween jr, ро and дз are given, Match them to the ray 
diagrams shown in Column И. 
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Column I 


Column П 


(A) ш < pa 


(В) м > pa 


(C) ра = из 


(D) pa > из 


(p) us (+) n 


"T 
" ГА 
ў» 


Om Jf m 
DN 

(5) в | m 
м 

(t) as | m 


HA 
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Q19. You are given many resistances, capacitors and 
inductors. These are connected to variable DC voltage 
source (the first two circuits) or an AC voltage source 
of 50 Hz frequency (the next three circuits) in different 
ways as shown in Column I. When a current. (steady 
state for DC or rms for AC) flows through the circuit, 
the corresponding votage Vy and № (indicated in cir- 
cuits) are related as shown in Column 7. Match the two, 


IIT JEE 2010 Paper 2 


505 


Column 1 


Column II 


(Тихи 


(B) 1 £09» V 


(D) 140, Vox 1 


(p) 


(a) 


(г) 


(t) 


‘i ve 


rin By 
ет 
Iu 
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12. С 

13. А 

14. В 

15. D 

16. В 

17.6 

18. Ари), Belast), 
Съри), Рыа) 

19. A-s(rsit), Bo(arsit), 
Copa), Рал) 


ПТ JEE 2009 


ШТ JEE 2009 was a single stage examination of two 
papers, Paper 1 and Paper 2, each of three hours du- 
ration. Each of the papers has three separate sections 
of physics, chemistry and mathematics. АП questions 
were of objective type, designed to test comprehension, 
reasoning and analytical ability of the candidate. 
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Рарег 1 


Tour sections (1) single 
correct answer type (2) multiple correct answers type 
(3) paragraph type and (4) matrix-matching type. 
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One Option Correct 


‘This section contains 3 questions. Each question 
has four options (A), (B), (С) and (D). Only one of 
these four options is correct. Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding, 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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91. Three concentric metallic spherical shells of radii 
R, 2R and 3R, are given charges Qi, Q2 and Qs, re- 
spectively. It is found that the surface charge densities 
on the outer surfaces of the shells are equal. Then, the 
ratio of the charges given to the shells, Qi : Qa : Qs, 


(A) 1: 


:3 (B) 1:3:5 (C) 1:4:9 (D) 1:8:18 
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92. A block of base 10 cm x 10 cm and height 15 cm. 

is kept on an inclined plane, The coefficient of friction 

between them is УЗ. The inclination 6 of this inclined. 

plane from the horizontal plane is gradually increased. 

from 0°. Then, 

(A) at Ø = 30°, the block will start sliding down the 
plane. 

(В) the block will remain at rest on the plane up to 
certain Ø and then it will topple. 

(C) at @ = 60°, the block will start sliding down the 
plane and continue to do so at higher angles. 

(D) at @ = 60°, the block will start sliding down the 
plane and on further increasing 6, it will topple at 
certain 0. 
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Q3. A ball is dropped from a height of 20 m above the. 
surface of water in a lake, The refractive index of water 
is 4/3. А fish inside the lake, in the line of fall of the 
bball, is looking at the ball. At an instant, when the 
ball is 12.8 m above the water surface, the fish sees the. 
speed of ball as [Take g = 10 m/s?.] 

(A) 9 m/s (B) 12 m/s (C) 16 m/s (D) 21.33 m/s 
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Q4. Look at the drawing given in the figure which has 
been drawn with ink of uniform line-thickness. The 
mass of ink used to draw each of the two inner circles, 
and each of the two line segments is m. The mass of 
the ink used to draw the outer circle is 6m. The coor- 
dinates of the centres of the different parts are: outer 
circle (0,0), left inner circle (—a,a), right inner circle 
(a.a), vertical line (0,0) and horizontal line (0, а). 
‘The y-coordinate of the centre of mass of the ink in 
his drawing is 


у 


(А) a/10 (B) a/8 (C) a/12 (D) a/3 
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95. Two small particles of equal masses start moving 
in opposite directions from a point А in a horizontal 
circular orbit, Their tangential velocities are v and 2v, 
respectively, as shown in the figure. Between collisions, 
the particles move with constant speeds. After making 
how many elastic collisions, other than that at A, these 
two particles will again reach the point A? 


A 
v de 


y 


(A) 4 (B) 3 (C) 2 (D) 1 
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96. The figure shows certain wire segments joined to- 
gether to form a coplanar loop. The loop is placed in 
а perpendicular magnetic field in the direction going 
into the plane of the figure, The magnitude of the field 
increases with time. Jı and [p are the currents in the 
segments ab and ed. Then, 


(A) h> hb 

(B) h < a 

(С) I, is in the direction ba and Jy is in the direction 
cd 

(0) л is in the direction ab and J is in the direction 
de 
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Q7. A disc of radius a/1 having a uniformly dis- 
tributed charge 6 C is placed in the 2-у plane with 
its center at (~a/2,0,0). А rod of length a carrying 
а uniformly distributed charge 8 C is placed on the 
z-axis from г = a/4 to = = 50/4. The two point 
charges —7 C and 3 C are placed at (a/4,—a/4,0) and 
(-3a/4,34/4,0), respectively. Consider a cubical sur- 
face formed by six surfaces z = ta/2, y = +a/2, 

30/2. The electric flux through the cubical sur- 
face is 


(A) -22 (B) 2€ (с) ие р) BE 
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Q8. The r-t graph of a particle undergoing SHM i. 
shown in the figure, The acceleration of the particle at 
/3.5 is 
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One or More Option(s) Correct 


This section has 4 questions. Each question has 
four options (А), (B), (C) and (D). One or more than 
one of these four options is (are) correct, Marking 
scheme is: 

1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles- 


Negative Marks: —1 In all other cases 


s darkened 
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99. If the resultant of all the external forces acting 

on a system of particles is zero, then from an inertial 

frame, one can surely say that, 

(A) linear momentum of the system does not change in 
time. 

(В) kinetic energy of the system does not change in 
time. 

(C) angular momentum of the system does not change 

ne, 

(D) potential energy of the system does not change in 

time. 
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910. А student performed the experiment for determi- 
nation of focal length of a concave mirror by using u-v 
method using an optical bench of length 1.5 m. The 
focal length of the mirror used is 24cm. The maxi- 
‘mum error in the location of the image can be 0.2 cm. 
‘The 5 sets of (u,v) values recorded by the student (in 
em) are: (42,56), (48, 48), (50, 40), (00, 33) and (78,39). 
‘The data set(s) that cannot come from experiment and 
is (are) incorrectly recorded, is (are) 

(A) (42,56) (B) (48,48) (C) (66,33) (D) (78,39) 
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911. For the circuit shown in the figure, 


i| nain 


m 
por noo 


(A) the current 7 through the battery is 7.5 mA. 

(В) the potential difference across Ry, is 18 V. 

(C) ratio of powers dissipated in Ry and Ry is 3. 

(D) if Ry and Re are interchanged, magnitude of the 
power dissipated in Rz will decrease by a factor of 
9 
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912. C, and С, denotes the molar specific heat capac- 

ities of a gas at constant volume and constant pressure, 

respectively. Then, 

(A) Ср — C, is larger for a diatomic ideal gas than for 
a monatomic ideal gas. 

(В) Cp + C, is larger for a diatomic ideal gas than for 
в monatomic ideal gas 

(C) Cp/C is larger for a d 
monatomic ideal gas. 

(D) С,-С, is larger for a diatomic ideal gas than for a 
monatomic ideal gas. 


ideal gas than for a 
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Paragraph Type 


‘This section contains 6 questions based on two 
paragraphs. Each question has four options (A), (B), 
(C) and (D). Only one of these four options is correct 
Marking scheme is: 
1. Full Marks: (+4) Ношу the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 13-15 


Scientists are working hard to develop nuclear fu- 
ion reactor. Nuclei of heavy hydrogen, 2H, known 
as deuteron and denoted by D, can be thought of as 
a candidate for fusion reactor. The D-D reaction is 
3H + 1H — jie + n + energy. In the core of fusion 
reactor, a gas of heavy hydrogen is fully ionized into 
deuteron nuclei and electrons. This collection of 2H 
nuclei and electrons is known as plasma. The nuclei 
move randomly in the rezctor core and occasionally 
come close enough for nuclear fusion to take place. Usu- 
ally, the temperatures in the reactor core are too high 
and no material wall can be used to confine the plasma. 
Special techniques are used which confine the plasma 
for a time to before the particles fly away from the core. 
If n is the density (number/volume) of deuterons, the 
product nto is called Lawson number. In one of the eri- 
teria, a reactor is termed successful if Lawson number 
is greater than 5 x 10 g/cm?. [Given Boltzmann con- 
8.6 x 1075 eV/K, 45. = 1.44 x 1079 eV m] 

(2000) 


stant k 
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913. In the core of nuclear fusion reactor, the gas be- 

comes plasma because of 

(A) strong nuclear force acting between the deuterons. 

(B) Coulomb force acting between deuterons. 

(C) Coulomb force acting between deuteron-electron 
pairs. 

(D) the high temperature maintained inside the reactor 
core. 
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QA. Assume that two denteron nuclei in the core of 
fusion reactor at temperature T are moving towards 
each other, each with kinetic energy 1.5ET, when the 
separation between them is large enough to neglect 
Coulomb potential energy. Also neglect any interac- 
tion from other particles in the core. The minimum 
temperature T required for them to reach a separation 
of 4 x 10775 m is in the range 

(A) 1.0 x 10° K < T < 20x 10° K 

B) 20x 10° K < T < 30x 10° K 

(C) 30x 10° K < T < 40x 10° K 

D) 40x 10° K < T< 50x10 K 


IIT JEE 2009 Paper 1 


527 


Q15. Results of calculations for four different designs 
of a fusion reactor using D-D reaction are given below. 
Which of these is most promising based on Lawson cri- 


terion? 
(A) deuteron densi 
time-5.0 x 10-35 
(В) deuteron density 
time=9.0 x 10715 
(C) deuteron density- 
time=1.0 x 10-1 
(D) deuteron density: 
time=4.0 x 1072 


2.0 x 1012 cm, 


8.0 x 1014 em. 


4.0 x 1023 em. 


10x 10% cm-9, 


confinement. 


confinement. 


confinement. 


confinement. 
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Paragraph for Questions 16-18 


When a particle is restricted to move along z-axis 
between 2 = 0 and z = a, where a is of nanometer 
dimensions, its energy can take only certain specific 
values. The allowed energies of the particle moving in 
such a restricted region, correspond to the formation of 
standing waves with nodes at its ends sr = 0 and z = a. 
‘The wavelength of this standing wave is related to the 
linear momentum p of the particle according to the de- 
Broglie relation. The energy of the particle of mass m. 
is related to its linear momentum as E = £z. Thus, 
the energy of the particle can be denoted by a quantum. 
number ‘n? taking values 1,2,3,... (n = 1 called the 
ground state) corresponding to the number of loops in 
the standing wave. 

Use the model described above to answer the fol- 
lowing three questions for а particle moving in the line 
az =0to x =a, [Take = 66x 1078 Js and 
e= 16x 10-9 C] (2009) 
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Q16. The allowed energy for the particle for a partic- 
ular value of n is proportional to 
(A) a7? (B) a79/? (C) а! (D) a? 
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Q17. If the mass of the particle is m = 1.0 x 1079 kg 
and a = 6.6 nm, the energy of the particle in its ground. 


state is closest to 
(A) 0.8 meV (В) 8 meV (С) 80 meV (D) 800 meV 
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Q18. The speed of the particle, that can take discrete 
values, is proportional to 
(A) n-¥/2 (В) n-! (C) n! (D) n 
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Matrix ог Matching Туре 


‘This section contains two questions. Each ques- 
tion contains two columns, column 1 and column П. 
Column I has four entries (A), (В), (C) and (D). Col- 
umn П has five entries (p), (a), (r), (s) and (t). Match. 
the entries in column I with entries in column П. Any 
given statement in column I can have correct matching 
with one or more statement(s) given in column II. For 
each entry in column I, darken the bubbles of all the 
matching entries, For example, if entry (A) in column I 
matches with entries (q), (1) and (t), then darken these 
three bubbles. Similarly, for entries (В), (С) and (D). 
Marking scheme for each entry in column 1 

1. Full Marks: (+2) If only the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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919. Six point charges, each of the same magnitude 
4, aro arranged in different manners as shown in Col- 
umn II. In each case, a point M and a line PQ passing 
through M are shown. Let E be the electric field and 
V be the electric potential at M (potential at infini 
zero) due to the given charge distribution when it is at 
rest. Now, the whole system is set into rotation with a 
constant angular velocity about the line PQ. Let B be 
‘the magnetic field at М and jx be the magnetic moment 
of the system in this condition. Assume each rotating 
charge to be equivalent to a steady current. 
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Column 1 Column П 


(А) E=0 (р) Chargesareat the corners ofa reg- 
ular hexagon. M is at the centre of 
the hexagon and PQ is perpendic- 
ular to the plane of the hexagon, 


(B) V40 — (q) Charges are on a line perpendic- 
ular to PQ at equal intervals, M 
is the mid-point between the two 
innermost charges. 


P 
E * at 
Q 


(C) B=0 — (r) Charges are placed on two copla- 
nar insulating rings at equal inter- 
vals, M is the common centre of 
the ring. PQ is perpendicular to 
the plare of the rings. 

9 
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920. Column II shows five systems in which two ob- 
jects are labelled as X and Y. Also in each case a point. 
P is shown. Column I gives some statements about X 
and/or Y. Match these statements to the appropriate 
system(s) from Column И. 


IIT JEE 2009 Paper 1 537 


Column Г Column И 

(A) The force (р) Block Y of mass M left on a 
exerted fixed inclined plane X, slides 
by X on  onit with а constant velocity. 
Y has а 
magnitude ES 
Mg. 

(B) The grav- (q) The ring magnets Y and Z, 

al each of mass M, are kept 

potential n frictionless vertical plastic 
energy of stand so that they repel each 
X is con other. Y rests on the base X 
tinuously and Z hangs in air in equilib- 
increasing. rium. P is the topmost point 


of the stand on the common. 
axis of the two rings. The 
whole system is in a lift that 
is going up with a constant 


velocity. 
2 
т 
(C) Mechanical (r) A pulley Y of mass то is 
energy of fixed to a table through a 
the system clamp X. A block of mass M 


Х+У is hangs from a string that goes 
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1B 12. B,D 
2. B 13. D 

20 14. A 

4A 15. B 

5. С 16. А 

6.0 17. В 

TA 18. D 

8. D 19. Араг), ВЫ), 
9.4 Съра), Des(rs) 


10. C, D 20. Acs(pi), Ва), 
11. А, D CH(p,nt), Dog 


Рарег 2 


‘The physics part of the paper contains 19 questions 
‘The questions are divided into four sections (1) single 
correct answer type (2) multiple correct answers type 
(3) integer type and (4) matrix-matching type. 
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One Option Correct 


This section contains 4 questions. Each question 
has four options (A), (B), (C) and (D). Only one of 
these four options is correct. Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 
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91. A piece of wire is bent in the shape of a parabola 
ka? (y-axis vertical) with a bead of mass m on it. 
‘The bead can slide on the wire without friction. It stays 
at the lowest point of the parabola when the wire is at 
rest, The wire is now accelerated parallel to the z-axis 
with a constant acceleration a. The distance of the new 
equilibrium position of the bead, where the bead can 
stay at rest with respect to the wire, from the y-axis 
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Q2. Photoelectric effect experiments are performed us- 
ing three metal plates p, q and r having work functions 
bp = 20eV, by = 2.5eV and ó, = 3.06, respec- 
tively, A light beam containing wavelengths of 550 nm, 
450 nm and 350 nm with equal intensities illuminates 
each of the plates. The correct Z-V graph for the ex- 
periment is [Take he 
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93. A uniform rod of length L and mass M is pivoted 
at the centre, Its two ends are attached to two springs 
of equal spring constants №. The springs are fixed to 
rigid supports as shown in the figure, and the rod is free 
to oscillate in the horizontal plane. ‘The rod is gently 
pushed through a small angle @ in one direction and 
released. The frequency of oscillation is 


0) 3/8 (в) d. © d / 00) ауа 
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94. The mass M shown in the figure oscillates in SHM 
with amplitude A, The amplitude of the point P is 


PONES 
[mfi 


(A) & (B) RA (с) id; (0) а, 
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One or More Option(s) Correct 


‘This section contains 5 questions. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four options is (are) correct, Marking 
scheme is: 
1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


2. Zero Marks: (0) In all other cases 
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95. Two metallic rings A and B, identical in 
and size but having different resistivities pa and pp, 
are kept on top of two identical solenoids as shown in 
the figure. When current J is switched on in both the 
solenoids in identical manner, the rings A and B jumps 
to heights ha and hg, respectively, with ha > hg. The 
possible relation(s) between their resistivities and their 
masses ma and mp is (are) 


ee 
= 
= 
os 


(A) pa > pp and ma = та 
(B) pa < pp and ma = та 
(C) pa > pp and ma > та 
(D) pa < pg and ma < та 
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96. A student performed the experiment to measure 

the speed of sound in air using resonance air-column 

method. Two resonances in the air-column were ob- 

tained by lowering the water level. The resonance with 

the shorter air-column is the first resonance and that 

with the longer air-columa is the second resonance 

Then, 

(A) the intensity of the sound heard at the first reso- 
nance was more than that at the second resonance 

(B) the prongs of the tuning fork were kept in a hori- 
zontal plane above the resonance tube. 

(C) the amplitude of vibration of the ends of the prongs 
is typically around 1 em. 

(D) the length of the air-column at the first resonance 
was somewhat shorter than 1/4 th of the wave- 
length of the sound in air. 
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Q7. The figure shows the -V plot of an ideal gas taken 
through a cycle АВСРА, The part ABC is a semi-circle 
and CDA is half of an ellipse, Then, 


(A) the process during the path А — В is isothermal. 

(В) heat flows out of the gas during the path B — C — 
D. 

(С) work done during the path A+ В — C is zero. 

(D) positive work is done by the gas i the cycle 
ABCDA. 
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98. Under the infinence of the Coulomb field of charge 
+Q, a charge —q is moving around it in an elliptical 
orbit, Find ont the correct statement(s). 

(A) The angular momentum of the charge — is con- 

stant. 

(B) The linear momentum of the charge —q is constant. 
(C) The angular velocity of the charge — is constant. 
(D) The linear speed of the charge —q is constant. 
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Q9. A sphere is rolling without slipping on a fixed hor- 
izontal plane surface, In the figure, A is the point of 
contact, B is the centre of the sphere and C is the top- 
most point. Then, 
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Integer Type 


This section has В questions. The answer to each 
question in this section is a single digit integer ranging 
from 0 to 9, both inclusive. Marking scheme is: 
1. Full Marks: (+4) If only the bubble corresponding 
to the correct answer is darkened 
2. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 
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Q10. А metal rod AB of length 10r has its one end A 
in ice at 0°C and the other end B in water at 100°C. 
Ifa point P on the rod is maintained at 400 "C, then it 
is found that equal amounts of water and ice evaporates 
and melts per unit time, The latent heat of evaporation 
of water is 540 cal/g and latent heat of melting of ice is 
80 cal/g. If the point P is at a distance of Ar from the 
end A, find the value of A. [Neglect any heat loss to 
the surroundings.) 
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Q11. A cylindrical vessel of height 500mm has in 
orifice (small hole) at its bottom, The orifice is ini- 
tially closed and water is filled in it up to height H. 
Now. the top is completely sealed with a cap and the 
ice at the bottom is opened. Some water comes 
out from the orifice and the water level in the ves- 
sel becomes steady with height of water column being 
200 mm. Find the fall in height (in mm) of water level 
due to opening of the orifice, [Take atmospheric pres- 
.0 x 10° N/m?, density of water = 1000 kg/m? 
10 m/s?. Neglect any effect of surface tension.] 


and g 
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912. Two soap bubbles A and В are kept in a 
closed chamber where the air is maintained at pres- 
sure 8 N/m?. The radii of bubbles A and B are 2 сш 
and 4 еш, respectively, Surface tension of the soap- 
water used to make bubbles is 0.04 N/m. Find the ratio 
пв/пл, where na and ng are the mimber of moles of 
air in bubbles А and B, respectively. [Neglect the effect 
of gravity. 
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913. Three objects A, В and C are kept in a straight 
line on a frictionless horizontal surface. These have 
masses m, 2m and m, respectively, The object A moves 
towards В with a speed 9 m/s and makes an elastic col- 
lision with it. ‘Thereafter, B makes completely inelastic 
collision with C. All motions occur on the same straight 
line. Find the final speed (n m/s) of the object С. 


Ја] [2m] [m] 


А в € 
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914. A steady current J goes through a wire loop PQR 
having shape of a right angle triangle with PQ = 3z, 
PR = 4r and QR = Sr, If the magnitude of the mag- 
netic field at Р due to this loop is k 40), find the 
value of k. 
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915. A light inextensible string that goes over a 
smooth fixed pulley as shown in the figure connects 
two blocks of masses 0.36 kg and 0.72 kg. Taking 
g = 10 m/s, find the work done (in joules) by the string 
оп the block of mass 0.36 kg during the first second af- 
ter the system is released from rest. 
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916. А solid sphere of radius R has a charge Q dis- 
tributed in its volume with a change density p = rr, 
where К and a are constants and r is the distance from. 
its contre. If the electric ВА at r = R/2 is 1/8 times 
that at r= R, find the value of a. 
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917. А 20 cm long string, having a mass of 1.0 g, 
fixed at both the ends, The tension in the string 
0.5 N. The string is set into vibrations using an external 
vibrator of frequency 100 Hz. Find the separation (in 
cm) between the successive nodes on the string. 
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Matrix or Matching Type 


‘This section contains two questions. Each ques- 
tion contains two columns, column 1 and column П. 
Column I has four entries (A), (В), (C) and (D). Col- 
umn П has five entries (p), (a), (r), (5) and (t). Match. 
the entries in column I with entries in column П. Any 
given statement in column I can have correct matching 
with one or more statement(s) given in column II. For 
each entry in column I, darken the bubbles of all the 
matching entries, For example, if entry (A) in column I 
matches with entries (q), (1) and (t), then darken these 
three bubbles. Similarly, for entries (В), (С) and (D). 
Marking scheme for each entry in column 1 

1. Full Marks: (+2) If only the bubble corresponding 

to the correct answer is darkened 


2. Zero Marks: (0) In all other cases 
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Q18. Column И gives certain systems undergoing a 
process. Column Г suggests changes in some of the pa- 
rameters related to the system. Match the statements 
in Column I to the appropriate process(es) from Col- 
umn И. 
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Column 1 Column П 

(A) The energy of (p) System: А capacitor, ini- 
the system is баШу uncharged. 
increased. Process: It is connected to 

а battery. 

(B) Mechanical (9) System: A gas in an adia- 
energy is Вайс container fitted with 
provided an adiabatic piston. 
the sys Process: "The gas is com- 
which pressed by pushing the pis- 
converted ton. 


into energy 
of — random 
motion of its 


parts. 

(C) Internal en- (r) System: A gas in a rigid 
ergy of the container. 
sysemiscon- Process: The gas gets 
verted into its cooled due to colder atmo- 
mechanical sphere surrounding it 
energy. 

(D) Mass of the (s) System: A heavy nucleus, 
system is de- — initially at rest. 
creased. Process: The nucleus fis- 


sions into two fragments 
of nearly equal masses and 


some neutrons are emit- 
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Q19. Column I shows four situations of standard 
Young's double slit arrangement with the screen placed 
far away from the slits S, and 55. In each of these cases 
51Ро = SjPo, SiP1 — S2P1 = 2/4 and iP? — 82Р: = 
2/3, where A is the wavelength of the light used. In the. 
case В, C, and D, a transparent sheet of refractive index 
ji and thickness t is pasted on slit Sz. The thicknesses 
of the sheets are different in different cases. The phase 
difference between the light waves reaching а point. P 
on the screen from the two slits is denoted by 6(P) and 
the intensity by КР). Motch each situation given in 
Column I with the statement(s) in Column 1I valid for 
that situation, 
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Column I Column П 
ды: № A 
wal HR (p) (9) = 0 
i 
(B) (py = Ut = M4 (a) (P) =0 
Ps 
E n 
A 


S 
| 


(C) (n — t = A/2 
ES 
EN 


ERI 


(D) (wt = 34/4 


Sa 
5 
zi 


DEP 


(r) КА)=0 


(5) КА)> 10) 


(t) (P3) 10) 
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12. 6 

13.4 

14.7 

15. 8 

16.2 

17.5 

18. Аер), — Boa. 
Cis, Dos 

19. Ара), Boa, Cot, 
рыга) 


ПТ JEE 2008 


ШТ JEE 2008 was a single stage examination of two 
papers, Paper 1 and Paper 2, each of three hours du- 
ration. Each of the papers has three separate sections 
of physics, chemistry and mathematics. АП questions 
were of objective type, designed to test comprehension, 
reasoning and analytical ability of the candidate. 
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Рарег 1 


‘The physics part of the paper contains 23 questions 
‘The questions are divided into four sections (1) single 
correct answer type (2) multiple correct answers type 
(3) assertion reasoning type and (4) paragraph type. 


509 


IIT JEE 2008 Paper 1 570 


One Option Correct. 


Each question has four options (А), (B), (C) and 
(D). Only one of these four options is correct. Marking 
scheme is: 
1. Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 


IIT JEE 2008 Paper 1 5n 


91. Figure shows three resistor configurations (Ii), 
(Ra), and (fts) each connected to 3 V battery. If the 
power dissipated by the configuration (f), (Re) and 
(Fo) is Py, Py and Ps, respectively, then 


1а 


(Ra) 


(A) A> P> PR (B) A> P> P 
(C) >Р >Р (0) А> P> P, 
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Q2. Which of the following statements is wrong in the 

context of X-rays generated from a X-ray tube? 

(A) Wavelength of characteristic X-rays decreases when 
the atomie number of the target increases. 

(B) Cut-off wavelength of the continuous X-rays de- 
pends on the atomic namber of the target. 

(C) Intensity of the characteristic X-rays depends on 
the electrical power given to the X-ray tube. 

(0) Cut-off wavelength of the continuous X-rays de- 
pends on the energy of the electrons in the X-ray 
tube. 
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Q3. Two beams of red and violet colours are made to 
pass separately through a prism (angle of the prism is 
60°). In the position of minimum deviation, the angle 
of refraction will be 

(A) 30° for both the colours, 

(В) greater for the violet colour. 

(C) greater for the red colour. 

(D) equal but not 30° for both the colours 
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Q4. An ideal gas is expanding such that PT? = 
constant, The coefficient of volume expansion of the 
gas is 

(A) 1/7 (B) 2/7 (C) з/т (D) 4/T 
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95. A spherically symmetric gravitational system of 

ў viv p [m ога 
particles has а mass density р = { она 
where ро is a constant. A test mass can undergo cir- 
cular motion under the influence of the gravitational 
field of particles. Its speed V as a function of distance 
r (0 < r < 00) from the centre of the system is repre- 
sented by 


IIT JEE 2008 Paper 1 576 


Q6. Students I, П and Ш perform an experiment for 
measuring the acceleration due to gravity (g) using a 
simple pendulum, They use different lengths of the 
pendulum and/or record time for different number of 
oscillations. The observations are shown in the table 
‘The least count for length is 0.1 cm and least count for 
me is 0.1 s. 


Student Length of No. of oscil- Time for (n) Time 


pendulum lations oscillations period 
(cm) (n) 6) [7] 

т pn s 1230 — 160 
n 640 4 60 100 
m 200 4 36.0 — 90 


If Er, En and Em are the percentage errors in g ie., 
(22 100) for students L П and Ш, respectively, 
(A) Ej-0 (В) Ej is minimum 

(C) Ej Eu (D) En is maximum. 
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One or More Opi 


n(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four 
options is (are) correct. Marking scheme is: 
1. Full Marks: (+4) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 


Zero Marks: (0) If none of the bubbles is darkened 
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Q7. A particle of mass m and charge д, moving with 
velocity v enters Region II to the boundary as shown 
in the figure. Region II has a uniform magnetic field B 
perpendicular to the plane of the paper. The length of 
the region Ш is [. Choose the correct choice(s). 


Region 1 


(A) The particle enters region III only if its velocity 
wv > qlB/m. 

(B) The particle enters region Ш only if its velocity 
v< qlB/m. 

(C) Path length of the particle in Region II is maximum 
when v = glB/in 

(D) Time spent in Region II is same for any velocity v 
as long as the particle returns to Region 1. 
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98. In a Young's double slit experiment, the separa- 

tion between the two slits is d and the wavelength of the 

light is A. The intensity of light falling on the slit 1 is 
four times the intensity of light falling on slit 2. Choose 
the correct option(s), 

(A) Ifd = A, the screen will contain only one maximum. 

(B) If A < d < 2A, at least one more maximum (be- 
sides the central maximum) will be observed on 
the screen. 

(С) If the intensity of light falling on slit 1 is reduced 
so that it becomes equal to that of slit 2, the inten- 
sities of the observed dark and bright fringes will 
increase. 

(D) If the intensity of light falling on slit 2 is increased 
so that it becomes equal to that of slit 1, the inten- 
sities of the observed dark and bright fringes will 
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Q9. Assume that the nuclear binding energy рег m- 
cleon (B/A) versus mass number (А) is as shown in 
the figure. Use this plot to choose the correct choice(s) 
given below, 


BIA 


L 


160 200 


n 


(A) Fusion of two nuclei with mass number lying in the. 
range of 1 < А < 50 will release energy. 

(B) Fusion of two nuclei with mass number lying in the. 
range of 51 < А < 100 will release energy. 

(C) Fission of а nucleus lying in the mass range of 
100 < A < 200 will release energy when broken 
into two equal fragments. 

(D) Fission of a nucleus lying in the mass range of 
200 < A < 260 will release energy when broken 
into two equal fragments. 
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910. Two balls, having linear momenta jjj = pi and 


jh = —pi, undergo а collision in free space. There is 
no external force acting on the balls. Let y and й; be 
their final momenta, The following option(s) is (are) 
not allowed for any non-zero value of р, ал, 02, bi, bo. cx 
and ca. 


(A) 

(B) й А 
(C) = cik, В = agi + 05) — ek 
(D) By =mi + Oy), й = adhi 
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Paragraph Type 


‘This section contains 9 questions based on three 
paragraphs, Each question has four options (A), (B), 
(C) and (D). Only one of these four options is correct. 
Marking scheme is: 
1. Full Marks: (+4) Ifonly the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 11-13 


А small spherical monatomic ideal gas bubble 
(у — 8/3) is trapped inside a liquid of density рр (see 
figure). Assume that the bubble does not exchange any 
heat with the liquid. ‘The bubble contains n moles of 
gas. The temperature of the gas when the bubble is at 
the bottom is To, the height of the liquid is М and the 
atmospheric pressure is po. [Neglect surface tension.] 
(2008) 
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Q1. As the bubble moves upwards, besides the bu 

ancy force the following forces are acting on it, 

(A) Only the force of gravity. 

(B) The force due to gravity and the force due to the 
pressure of the liquid. 

(C) The force due to gravity, the force due to the pres- 
sure of the liquid and the force due to vi 
the liquid. 

(D) The force due to gravity and the force due to vis- 
cosity of the liquid. 
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912. When the gas bubble is at a height y from the 
bottom, its temperature is 


оао)? уь M 


(©) Ta (Bema) ољ (ratto) 
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913. The buoyancy force acting on the gas bubble is 
[Here R is the universal gas constant.] 


on 
(А) pin RT ае 
z 


8) пра nga 


и 
(C) pm RgTo ntn 


WT 
(D). earn aT 
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Paragraph for Questions 14-16 


In a mixture of H-He* gas (He* is singly ionized 
He atom), H atoms and He* ions are excited to their 
respective first excited states. Subsequently, H atoms 
transfer their total excitation energy to He* ions (by 
collisions). Assume that the Bohr model of atom is 
exactly valid. (2008) 
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914. The quantum number n of the state finally pop- 
ulated in He* ion is 
(А) 2 (B) 3 (C) 4 (D) 5 
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915. The wavelength of light emitted in the visible 
region by He* ion after collisions with H atom is 

(A) 65x 10-Tm (B) 5.6 x 10-7 m 

(C) 48x1077m (0) 40x 10-7 m. 


IIT JEE 2008 Paper 1 590 


916. The ratio of the kinetic energy of the n = 2 elec- 
tron for the H atom to that of He* ion is 
(A) 1/4 (B) 1/2 (C) 1 (D) 2 
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Paragraph for Questions 17-19 


A small block of mass M moves on a frictionless 
surface of an inclined plane, as shown in the figure, The 
angle of the incline suddenly change from 60° to 30° at 
point B. The block is initially at rest at A. Assume that 
collisions between the block and the incline are totally 
inelastic. [Take g = 10 m/s?) (2008) 


Ам 
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Q17. The speed of the block at point B immediately 
after it strikes the second incline is 

(A) Уб0шу/з (В) V45 m/s 

(C) V30 m/s (D) VI5 m/s 
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Q18. The speed of the block at point C, immediately 
before it leaves the second incline is 

(А) V120 m/s (B) V105 m/s 

(C) М шь (0) V5 m/s 
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Q19. If collision between the block and the incline i: 
completely elastic, then the vertical (upward) compo- 
nent of the velocity of the block at point B, immediately 
after it strikes the second incline is 

(A) VO m/s (B) VIS m/s (C) 0 (D) —VT5 m/s 
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Assertion Reasoning Type 


This section contains 4 reasoning type questions. 
Each question contains four options related to two state- 
ments, statement 1 and statement Э. Marking scheme 


1. Full Marks: (+3) Ifonly the bubble corresponding 
to the correct answer is darkened 


. Zero Marks: (0) If none of the bubbles is darkened 
|. Negative Marks: —1 In all other cases 
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920. Statement 1: In a metre bridge experiment, null. 
point for an unknown resistance is measured. Now, 
‘the unknown resistance is put inside an enclosure main- 
tained at a higher temperature, The null point can be 
obtained at the same point as before by decreasing the 
value of the standard resistance. 
Statement 2: Resistance of a metal increase with 
icrease in temperature. 
(A) Statement 1 is true, statement 2 is true; statement. 
2 is a correct explanation for statement 1 
(B) Statement 1 is true, statement 2 is true; statement, 
2 is not a correct explanation for statement 1. 
(C) Statement 1 is true, statement 2 is false. 
(D) Statement 1 is false, statement 2 is true, 
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Q1. Statement 1: An astronaut in an orbiting space 

station above the Earth experiences weightlessness 
Statement 2: An object moving around the Earth 

under the influence of Earth's gravitational force is in 

a state of free-fall. 

(A) Statement 1 is true, statement 2 is true; statement 
2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement 
2 is not a correct explanation for statement: 1. 

(C) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 
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922. Statement 1: Two cylinders, one hollow (metal) 
and the other solid (wood) with the same mass and 
identical dimensions are simultaneously allowed to roll 
without slipping down an inclined plane from the same 
height. The hollow cylinder will reach the bottom of 
the inclined plane first. 

Statement 2: By the principle of conservation of 
energy, the total kinetic energies of both the cylinders 
are identical when they reach the bottom of the incline. 


(A) Statement 1 is true, statement 2 is true; statement, 
2 is a correct explanation for statement 1 

(B) Statement 1 is true, statement 2 is true; statement 
2 is not a correct explanation for statement 1, 

(C) Statement 1 is true, statement 2 is fa 

(D) Statement 1 is false, statement 2 is true. 
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Q23. Statement 1: The stream of water flowing at 
high speed from a garden hose pipe tends to spread 
like а fountain when held vertically up, but tends to 
narrow down when held vertically down, 

Statement 2: In any steady flow of an incompress- 
ible fluid, the volume flow rate of the fluid remains con- 
stant. 


(A) Statement 1 
2 


true, statement 2 is true; statement 

а correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement, 
2 is not a correct explanation for statement 1. 

(С) Statement 1 is true, statement 2 is false. 


(D) Statement 1 is false, statement 2 is true. 


IIT JEE 2008 Paper 1 
Answers 


13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


v>vaww> naw 


A 


600 


Рарег 2 


‘The physics part of the paper contains 22 questions 
‘The questions are divided into four sections (1) single 
correct answer type (2) matrix-matching type (3) asser- 
tion reasoning type and (4) paragraph type. 


ool 
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One Option Correct 


This section contains 9 questions. Each question 
has four options (A), (B), (C) and (D). Only one of 
these four options is correct. Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other cases 
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91. A radioactive sample Sı having an activity of 
5 pCi has twice the number of nuclei as another sample 
Sp which has an activity of 10 ИС, The half lives of Sy 
and Sp can be 
(A) 20 years and 5 years, respectively. 
(В) 20 years and 10 years, respectively. 

(C) 10 years each. 
(D) 5 years each. 
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92. A transverse sinusoidal wave moves along a string 
in the positive x direction at a speed of 10 cm/s. The 
wavelength of the wave is 0.5m and its amplitude is 
10 cm. At a particular timet, the snap-shot of the wave 
is shown in the figure. The velocity of point P when its 
displacement is 5 cm is 


у 


№ 


(A) Уу m/s. (B) -tj m/s 
(с) E m/s (D) m m/s 


E 
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93. A block В is attached to two unstretched springs 
Sı and Sz with spring constants k and 4h, respectively 
(see figure T). The other ends are attached to identical 
supports My and Mg, not attached to the walls. The 
springs and supports have negligible mass. There is no 
friction anywhere. The block В is displaced towards 
wall 1 by a small distance z (see figure П) and released. 
‘The block returns and moves a maximum distance y 
towards wall 2. Displacements « and у are measured 
with respect to the equilibrium position of the block B. 
‘The ratio yz is 


2 á 
Me Ms 


Lf] o 


2 кі a 


Ma ый Mi 
[fot ay 
= 


(A) 4 (B) 2 (C) 1/2 (D) 1/4 
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94. A bob of mass m is suspended by a massless string 
of length L.. The horizontal velocity v at position А 
dust sufficient to make it reach the point В. The angle 
@ at which the speed of the bob is half of that at A, 
satisfies, 
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95. A glass tube of uniform internal radius r has a 
valve separating the two identical ends, Initially, the 
valve is in a tightly closed position. End 1 has a hemi- 
spherical soap bubble of radius r. End 2 has sub- 
hemispherical soap bubble as shown in the figure. Just 
after opening the valve, 


2 т 


(А) air from end 1 flows towards end 2. No change in 
the volume of the soap bubbles, 

(В) air from end 1 flows towards end 2. Volume of the 
soap bubble at end 1 decreases. 

(С) no change occurs. 

(D) air from end 2 flows towards end 1. Volume of the 
soap bubble at end 1 increases. 
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Q6. A vibrating string of certain length Г under a ten- 
sion T resonates with a mode corresponding to the first 
overtone (third harmonic) of an air column of length 
75 cm inside a tube closed at one end, The string also 
generates 4 beats per second when excited along with 
‘a tuning fork of frequency п. Now when the tension of 
the string is slightly increased the number of beats те- 
duces to 2 per second. Assuming the velocity of sound 
air to be 340 m/s, the frequency n of the tuning fork 
(in Hz) is 

(A) 344 (B) 336 (C) 1173 (D) 1093 
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Q7. A parallel plate capacitor С with plates of unit 
area and separation d is filled with a liquid of dielectric 
constant K = 2. The level of liquid is d/3 initially. 
Suppose the liquid level decreases at a constant speed 
V, the time constant as a function of time t is 


juu 7 
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Q8. A light beam is traveling from Region I to Region 
IV (see figure). The refractive index in Region 1, II, IIT 
and IV are no, 22, за and ^2, respectively. The angle 
of incidence 0 for which the beam just misses entering 
region IV is 


o 02m [rm 


(A) sin 
(C) sin 
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Q9. Consider a system of three charges $, $ and — 21 
placed at points А, В and С, respectively, as shown in 
the figure. Take O to be the centre of the circle of radius. 
R and angle CAB = 60°, 


(A) The electric field at point O is войне directed 
along the negative z-axis. 

(B) The potential energy cf the system is zero. 

(C) The magnitude of the force between the charge C 
and B is р. 

(D) The potential at point O is тп 


IIT JEE 2008 Paper 2 612 


Assertion Reasoning Type 


This section contains 4 reasoning type questions. 
Each question contains four options related to two state- 
ments, statement 1 and statement Э. Marking scheme 


1. Full Marks: (+3) If only the bubble corresponding 
to the correct answer is darkened 


. Zero Marks: (0) If none of the bubbles is darkened 
|. Negative Marks: —1 In all other cases 
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Q10. Statement 1: For an observer looking out 

through the window of a fast moving train, the nearby 

objects appear to move in the opposite direction to the 

train, while the distant objects appear to be stationary. 

fatement 2: If the observer and the object are 

moving at velocities Vi and V2 respectively with ref- 

erence to a laboratory frame, the velocity of the object 

with respect to the observer is № — Vi. 

(A) Statement 1 is true, statement 2 is true; statement 
2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement 
2 is not a correct explanation for statement 1. 

(С) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true, 


IIT JEE 2008 Paper 2 бм 


911. Statement 1: The sensitivity of a moving coil 
galvanometer is increased by placing а suitable mag- 
netic material as core inside the coi 
Statement 2: Soft iron has а high magnetic per- 
meability and cannot be easily magnetized ог demag- 
netized. 
(A) Statement 1 is true, statement 2 is true; statement. 
2 is a correct explanation for statement 1. 
(B) Statement 1 is true, statement 2 is true; statement. 
2 is not a correct explanation for statement 1. 
(С) Statement 1 is true, statement 2 is false. 
(D) Statement 1 is false, statement 2 is true. 
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912. Statement 1: For practical purposes, the earth 

used as reference at zero potential in electrical circui 
Statement 2: The electrical potential of a sphere 

of radius A with charge Q uniformly distributed on the 

surface is given by zs. 

(A) Statement 1 is true, statement 2 
2 is a correct explanation for si 

(B) Statement 1 is true, statement 2 is true; statement 
2 is not a correct explanation for statement. 1. 

(С) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 


true; statement, 
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Q3. Statement 1: It is easier to pull a heavy object 

than to push it on a level ground, 
Statement 2; The magnitude of frietional force de- 

pends on the nature of the two surfaces in contact. 

(A) Statement 1 is true, statement 2 is true; statement. 
2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement. 
2 is not a correct explanation for statement: 1. 

(C) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 
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Paragraph Type 


‘This section contains 6 questions based on two 
paragraphs. Each question has four options (A), (B), 
(C) and (D). Only one of these four options is correct. 
Marking scheme is: 
1. Full Marks: (+4) Ifonly the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 14-16 


A uniform thin cylindrical disc of mass M and ra- 
dius R is attached to two identical massless springs of 
spring constant & which are fixed to the wall as shown 
in the figure. The springs are attached to the axle of the 
disc symmetrically on either side at a distance d from 
centre. The axle is massless and both the springs 
and the axle are in horizontal plane. The unstretched 
length of each spring is L. The disc is initially at its 
equilibrium position with its centre of mass at a dis- 
tance L from the wall. The disc rolls without slipping 
with velocity V = Voi. The coefficient of friction is pi. 
(2008) 
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Q14. The uet external force acting on the disc when 
its centre of mass is at displacement 2 with respect to 
its equilibrium position is 

(A) —kr (B) —2kx (C) —$hx (D) — г 
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915. The centre of mass of the disc undergoes SHM 
with angular frequency w equal to 


0) y оу оу 
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Q16. The maximum value of Vo for which the disc will 
roll without slipping is 


(А) no ( 
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Paragraph for Questions 17-19 

‘The nuclear charge (Ze) is non-uniformly dis- 
tributed within a nucleus of radius R. The charge den- 
sity p(r) (charge per unit volume) is dependent only on 
the radial distance r from the centre of the nucleus as 
shown in the figure, ‘The electric field is only along the 
radial direction, (2008) 


ole) 
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Q17. The electric field at r = R is 
(A) independent of a. 
(B) directly proportional to a, 
(C) directly proportional to a 

(D) inversely proportional to a. 
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918. For a = 0, the value of d (maximum value of p 
as shown in the figure) is 
[DEIEIEI 
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Q19. The electric field within the nucleus is generally 
observed to be linearly dependent on r. This implies, 
(A) a=0 (В) a = R/2 (C) а= R (D) a =2R/3 
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Matrix or Matching Type 


‘This section contains 3 questions. Each question 
contains two columns, column 1 and column Il. Col- 
umn I has four entries (A), (B), (C) and (D). Column II 
has five entries (p), (4), (r), and (s). Match the entries 
in column I with entries in column П. Any given state- 
ment in column I can have correct matching with one or 
more statement(s) given in column IL. For each entry in 
column I, darken the bubbles of all the matching entries. 
For example, if entry (A) in column I matches with en- 
tries (q), (r) and (5), then darken these three bubbles, 
Similarly, for entries (В), (С) and (D). Marking scheme 


1. Full Marks: (+6) If only the bubble corresponding, 
to all the correct answer are darkened 


2 


Partial Marks: (+1) each for correct darkening of 
answers in any row. 


Zero Marks: (0) In all other cases 
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920. Column I gives a list of possible set of parame- 
ters measured in some experiments, The variations of 
the parameters in the form of graphs are shown in Col- 
umn II Match the set of parameters given in Column I 
with the graphs given in Column IL 


Column T Column П 
(A) Potential energy of a simple (р) У 
pendulum (y axis) as a function 
of displacement (x axis). el 
(B) Displacement (y axis) as a func- (q) * 


tion of time (z axis) for a one 
dimensional motion at zero or о 
constant acceleration when the 
body is moving along the posi- 
tive z direction, 


(C) Range of a projectile (y axis) as. (r) У 
a fonction of its velocity (x axis) 
when projected at a fixed angle ot? 
(D) The square of time period (у (s) " 
axis) of a simple pendulum as Й 


а function of its length (2 axis). o 
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921. An optical component and an object 5 placed 
along its optic axis are given in Column 1. The distance 
between the object and the component can be varied. 
‘The properties of the images are given in Column II 
Match all the properties of images from Column I1 with 
the appropriate components given in Column 1. 


Column T Column П 


(A) s—) (p) Real image 
(в) —( (a) Virtual image 


(с) ef (r) Magnified image 
(D) und (s) Image at infinity 
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922. Column I contains a list of processes involving, 
expansion of an ideal gas. Match this with Column IT 
describing the thermodynamic change during this pro- 
cess. 
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Column I Column Ш 
(A) An insulated container has (р) Temperature 
two chambers separaied by of the gas 
а valve. Chamber I con- decreases. 


tains an ideal gas and the 
chamber Il has vacuum, 
The valve is opened. 
т П 
iet das] масо 


(B) An ideal monatomie gas 
expands to twice its ori 

volume such that its 
pressure p x qx, where V 
is the volume of the gas. 

(C) An ideal monatomie gas 
expands to twice its orig- 
inal volume such that its 


pressure p x 
V is its volume, 

(D) An ideal monatomic gas 
‘expands such that its pres- 
sure p and volume V fol- 
lows the behaviour shown 
in the figure 


HA 


(a) Temperature 
of the gas 
constant. 

(r) The gas loses 
heat. 


(5) The — gas 
gains heat. 
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LA 14. D 

2A 15. D 

red w0 

XD 17. A 

ел в.в 

ES 19. С 

8. B 20. Acp, В (аә), 
oC Cos, она 

10. B 21. Арала), Bod, 
п.с © (руди), ВЫ (рух 
12. В 22. Aa, Верт), 


13. В CH(ps), D4(as) 


ПТ JEE 2007 


ШТ JEE 2007 was a single stage examination of two 
papers, Paper 1 and Paper 2, each of three hours du- 
ration. Each of the papers has three separate sections 
of physics, chemistry and mathematics. АП questions 
were of objective type, designed to test comprehension, 
reasoning and analytical ability of the candidate. 
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Рарег 1 


‘The physics part of the paper contains 22 questions 
‘The questions are divided into four sections (1) sin- 
ule correct answer type (2) assertion reasoning type 
(3) paragraph type and (4) matrix-matching type. 
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One Option Correct. 


‘This section contains 9 questions. Each question 
four options (А), (В), (C) and (D). Only one of 


these four options is correct. Marking scheme is: 


1 


- Full Marks: (+3) Ifonly the bubble corresponding 
to the correct answer is darkened 


. Zero Marks: (0) If none of the bubbles is darkened 
|. Negative Marks: —1 In all other eases 
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91. In an experiment to determine the focal length (f) 
of a concave mirror by the v-v method, а student places 
the object pin А on the principal axis at a 
x from the pole P. The student looks at the pin and 
its inverted image from a distance keeping his/her eye 
in line with РА. When the student shifts his/her eye 
towards left, the image appears to the right of the object. 
pin. Then, 

(A) z«f (B) f «z«2J (C) z-2f (D 2» 2/ 
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92. Two particles of mass m each are tied at the ends 
of a light string of length За, The whole system is kept 
on a frictionless horizontal surface with the string held 
tight so that each mass is at a distance a from the center 
P (see figure). Now, the mid-point of the string is pulled 
vertically upwards with a small but constant force F. 
As a result, the particles move towards each other on 
the surface, The magnituce of acceleration, when the 
separation between them becomes 2r, 
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Q3. A long, hollow conducting cylinder is kept coaxi- 
ally inside another long, hollow conducting cylinder of 
larger radius, Both the cylinders are initially electri- 
cally neutral. 

(A) A potential difference appears between the two 
cylinders when a charge density is given to the in- 
ner cylinder, 

(B) A potential difference appears between the two 
cylinders when a charge density is given to the 
outer cylinder. 

(C) No potential difference appears between the two 
cylinders when a uniform line charge is kept along 
the axis of the cylinders. 

(D) No potential difference» appears between the two 
cylinders when same charge density is given to both 
the cylinders. 
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Q4. Consider a neutral conducting sphere. A posi- 

tive point charge is placed outside the sphere. The net 

charge on the sphere is then, 

(A) negative and distributed uniformly over the surface 
of the sphere, 

(B) negative and appears only at the point on the 

о the point charge. 

(€) 1 istributed non-uniformly over the 
entire surface of the sphere. 

(D) zero. 
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95. A circuit is connected as shown in the figure with 


the switch 5 open, When the switch is closed, the total 
amount of charge that flows from Y to X is 


InP OuF 
Нч 


ys 


(A) 0 (B) 51 uC (C) 27 VC (D) 81 pC 
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96. A ray of light traveling in water is incident on its 

surface open to air. The angle of incidence is 6, which 

is less than the critical angie, Then there will be 

(A) only а reflected ray and no refracted ray. 

(B) only а refracted ray ard no reflected ray. 

(C) a reflected ray and a refracted ray and the angle 
between them would be less than 180° — 28. 

(D) a reflected ray and а refracted ray and the angle 
between them would be greater than 180° — 20. 
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Q7. In the options given below, let E denotes the rest 
mass energy of a nucleus and n a neutron, The correct. 
option is 
(А) E (380) > E (#1) + E (BY) + 2Е(н) 

) E (BPU) < E ($I) +E (ВУ) +22) 
(С) E (380) < E (Ва) + E (Kr) +281) 
(D) Е (2330) = E (Ва) + E (Кг) + 2E(n) 
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Q8. The largest wavelength in the ultraviolet region of 
the hydrogen spectrum is 122 nm. The smallest wave- 
length in the infrared region of the hydrogen spectrum 
(to the nearest integer) is 

(A) 802 nm (В) 823 nm (C) 1882 nm (D) 1648 nm 
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Q9. A resistance of 2 0 is connected across one gap of 
а meter-bridge (the length of the wire is 100 em) and 
an unknown resistance, greater than 2 0, is connected 
across the other gap. When the resistances are inter- 
changed, the balance point shifts by 20 cm. Neglecting 
any corrections, the unknown resistance is 


(A) зо (B) 40 (С) 50 (D) 69 


IIT JEE 2007 Paper 1 645 


Matrix ог Matching Туре 


‘This section contains 3 matching type ques- 
tions. Each question contains statements given in two 
columns, Statements in the first column have to be 
in the second column. Mark- 


1. Full Marks: (+6) Ношу the bubble corresponding 
to all the correct answer are darkened 


2. Zero Marks: (0) In all other cases 
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910. Some physical quantities are given in Column I 
and some possible SI units in which these quantities 
may be expressed are given in Column И. Match the 
physical quantities in Column 7 with the units in Col- 
umn П. 


Column Г Column И 
(A) GMLAL, where Gis univer- (р) volt 
al gravitational constant, coulomb 
M, mass of the earth and metre 


M, mass of the Sun, 

MET where R is univer- (q) kg m3 s~ 

sal gas constant, Т absolute 
temperature and M molar 
mass. 

(C) f. where F is force, (r) mês 
4 Charge and B magnetic 


(в) 


вом. 
(D) Si, where G is universal (s) farad volt? 
gravitational constant, Me d.c 


mass of the earth and Re ra- 
dius of the earth. 
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Q11. Column I gives certain situations in which a 
straight metallic wire of resistance R is used and Col- 
umn ID gives some resulting effects, Match the state- 
ments in Column Г with the statements in Column II. 
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Column I 


Column П 


(A) A charged. capacitor is 
connected to the ends of 
the wire. 


(B) The wire is moved per- 
pendicular to its length 
with a constant velocity 
in a uniform magnetic 
field perpendicular to the 
plane of motion. 

(C) The wire is placed in a 
constant electric field 
that has a direction 
along the length of the 
wire, 


(D) A battery of constant 
emf is connected to the 
ends of the wire. 


(p)A constant 
current flows 


through the 
wire, 

(a) Thermal 
energy is gen- 
erated im the 


(r) A constant 
potential 
difference de- 
velops between 
the ends of the 
wire, 

(5) Charges of 
constant mag- 
nitude appear 
at the ends of 
the wire, 
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912. Some laws/processes are given in Column I. 
Match these with the physical phenomena given in Col- 


umn И. 


Column T 


Column П 


(A) Trausition between two 
atomic energy levels. 
(B) Electron emission from a 


(D) Change of photon energy 
into kinetic energy of elec- 
trons, 


(p) Characteristic 
X-rays. 

(a) Photoelectric 
effect. 

(r) Hydrogen 
spectrum. 

(5) f-decay. 
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Paragraph Туре 


‘This section contains 6 questions based on two 
paragraphs. Each question has four options (A), (B). 
(C) and (D). Only one of these four options is correct. 
Marking scheme is: 
1. Full Marks: (+4) Ношу the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 13-15 

А fixed thermally conducting cylinder has a radius 

R and height Lo. The cylinder is open at its bottom 

and has а small hole at its top. A piston of mass M is 

held at а distance L from the top surface as shown in 

the figure. The atmospheric pressure is pp. —— (2007) 


j] 


2я 
м 


lo 


Pision 
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Q13. The piston is now pulled out slowly and held at a 
distance 2L from the top. The pressure in the cylinder. 


between its top and the Piton will then be 
(A) po (B) № (C) B+ Mg (D) B- Mg 
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914. While the piston is at a distance 2L from the 
top, the hole at the top is sealed, The piston is then. 
released, to a position where it can stay in equilibrium, 
In this condition, the distance of the piston from the 
top is 

(A) (siting) 20 (B) (mise) 2L 
(c) (аттама) эр (D) (пе, ) 2L 


SI Trpo- M, 
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der. The hole at the top is sealed, A water tank 
brought below the cylinder and put in a position so 
that the water surface in the tank is at the same level 
as the top of the cylinder as shown in the figure. The 
density of the water is p. In equilibrium, the height H 


Lo — H}? + po( Lo — H) — Lopo 
Ly — HY — po(Lo — H) + Lopo 


С 
po iar" — po(Lo — H) — Lopo 
it 


(A) 
(B) 
(C) pal 
(D) pe 
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Paragraph for Questions 16-18 


‘Two dises A and B sre mounted coaxially on a 
vertical axle. The discs have moment of inertia [and 27 
respectively about the common axis. Dise A is imparted 
an initial angular velocity 2w using the entire potential 
energy of a spring compressed by a distance 21. Dise В 
imparted an angular velocity w by a spring having the 
same spring constant and compressed by a distance тз, 
Both the discs rotate in the clockwise direction. (2007) 
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916. The ratio z; /7a is 
(A) 2 (B) 1/2 (C) v2 (D) 1/v2 
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Q7. When disc B is brought in contact with disc A, 
they acquire a common angular velocity in time t. The 
average frictional torque on one dise by the other during 


this period is 
(A) 22 (B) Be (C) Ye (0) Se 
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Q8. The loss of kinetic energy during the above pro- 
— 2 2 2 
(A) 47 (B) &* (c) А2 (D) 47 
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Assertion Reasoning Type 


‘This section contains 4 reasoning type questions. 
Each question contains four options related to two state- 
ments, statement, 1 and statement Э. Marking scheme 


1. Full Marks: (+3) Ношу the bubble corresponding 
to the correct answer is darkened 


. Zero Marks: (0) If none of the bubbles is darkened 
|. Negative Marks: —1 In all other eases 
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919. Statement 1: А block of mass m starts moving 
опа rough horizontal surface with a velocity v. It stops 
due to friction between the block and the surface after 
moving through a certain cistance, The surface is now 
tilted to an angle of 30° with the horizontal and the 
same block is made to go up on the surface with the 
some initial velocity v. The decrease in the mechanical 
energy in the second situation is smaller than that in 
the first situation. 
Statement 2: The coefficient of friction between 
the block and the surface decreases with the increase 
in the angle of inclination. 
(A) Statement 1 is true, statement 2 is true; statement 
2 is a correct explanation for statement 1. 
(B) Statement 1 is true, statement 2 is true; statement 
2 is not a correct explanation for statement 1. 
iatement 1 is true, statement 2 is false. 
(D) Statement 1 is false, statement 2 is true. 
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920. Statement 1: If the accelerating potential in an 
X-ray tube is increased, the wavelengths of the charac- 
teristic X-rays do not change, 

Statement 2: When an electron beam strikes the 
target in an X-ray tube, part of the kinetic energy is 
converted into X-ray energy. 

(A) Statement 1 is true, statement 2 is true; statement. 

2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement. 

2 is not a correct explanation for statement 1. 

(С) Statement 1 is true, statement 2 is false. 
(D) Statement 1 is false, statement 2 is true. 
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Q21. Statement 1: The formula connecting u, v and 
J for a spherical mirror is valid only for mirrors whose 
Sizes are very small compared to their radii of curvature. 
Statement 2: Laws of reflection are strictly valid 
for plane surfaces, but not for large spherical surfaces. 


(A) Statement 1 is true, statement 2 is true; statement 
2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement 
2 is not a correct explanation for statement 1. 

(C) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 
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922. Statement 1: In an elastic collision between two 

bodies, the relative speed of the bodies after collision is 

equal to the relative speed before the collision, 
Statement 2: In an elastic collision, the linear mo- 

‘mentum of the system is conserved. 

(A) Statement 1 is true, statement 2 is true; statement. 
2 is a correct explanation for statement 1. 

true; statement 

not a correct explanation for statement 1. 

(С) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 


(B) Statement 1 is true, statement 2 
2 
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Answers 


1. В 12. Арт), Blas), 
2n Cop, Dog 

З.А 13. A 

AD 14. D 

5c ш.с 

ec 36.0 

TA 

XB 17. А 

oA 18. В 


10. AG(p.g, B=(rs), 19. C 
Co(ns,De(ns 20. В 
11.Aoq — Bo(ns, 21.0 
Оет, 8), Do(p.q.r) 22. B 


Рарег 2 


‘The physics part of the paper contains 22 questions 
‘The questions are divided into four sections (1) sin- 
ule correct answer type (2) assertion reasoning type 
(3) paragraph type and (4) matrix-matching type. 


655 


HT 


has 


JEE 2007 Paper 2 666 


One Option Correct 


‘This section contains 9 questions. Each question 
four options (A), (В), (С) and (D). Only one of 


these four options is correct. Marking scheme is: 


1 


- Full Marks: (+3) Ifonly the bubble corresponding 
to the correct answer is darkened 


. Zero Marks: (0) If none of the bubbles is darkened 
|. Negative Marks: —1 In all other eases 
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91. A student performs an experiment to determine 
the Young's modulus of a wire, exactly 2m long, by 
Searle's method. In a particular reading, the student 
measures the extension in the length of the wire to be 
0.8 mm with an uncertainty of +0.05 mm at a load of 
exactly 1.0kg. The studeat also measures the diam- 
eter of the wire to be 0.4 mm with an uncertainty of 
+0.01 mm. Take g = 9.8 m/s? (exact). The Young's 
modulus obtained from the reading is 

(А) (2.0 + 0.3) x 10? N/m? 

(В) (2.0 + 0.2) x 10? N/m? 

(C) (2.0 £0.1) x 10?! N/m? 

(D) (2.0 + 0.05) x 101 N/m? 
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92. A particle moves in the z-y plane under the i 
fluence of а force such that its linear momentum 
0) = A(icoskt — jsinkt), where A and k are con- 
stants. The angle between the force and the momentum. 


(A) 0° (B) 30° (C) 45° (D) 90° 
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Q3. А small object of uniform density rolls up a curved 
surface with an initial velocity v. It reaches up to a max- 
imum height of 8% with respect to the initial position. 


The object is 

/ 

et jd 

(A) ring. (B) solid sphere. 
(C) hollow sphere (D) disc 
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Q4. Water is filled up to a height h in a beaker of 
radius R as shown in the figure. The density of wate 
p, the surface tension of water is T and the atmospheric 
pressure is Pa. Consider a vertical section ABCD of the 
water column through a diameter of the beaker. The 
force on water on one side of this section by water on 
the other side of this section has magnitude 


(A) РКА + 7R?pgh — 2RT| 
(в) [2PoRh + Арон? — 2RT| 

(C) [Por + Rpgh? — 
(D) [Par R? + Rpgh? +287] 
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95. A spherical portion has been removed from a solid 
sphere having a charge distribution uniformly in its vol- 
‘ume as shown in the figure. The electric ficld inside the 
emptied space is 


(A) zero everywhere (В) non-zero and uniform 
(C) non-uniform (D) zero only at its center 
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Q6. Positive and negative point charges of equal mag- 

nitude are kept at (0,0, $) and (0, 0, — 8), respectively. 

‘The work done by the elveitic field when another pos- 

itive point charge is moved from (—a,0,0) to (0,а,0) 

(A) positive 

(В) negative 

(C) zero 

(0) depends on the path connecting the initial and final 
positions. 
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ОТ. A magnetic field vector В — Boj exists in the 
region а < x < 2a and vector В = Вај, in the region 
2a < 2 < За, where Bo is a positive constant, A positive 
point charge moving with a velocity vector 7 = tpi, 
‘where vy is a positive constent, enters the magnetic field 
at x =a, The trajectory of the charge in this region 
can be like 


isa 
(A) = (в) = 
n К 092030, 
Е" 
(С) = (D) = 
o E [E 
3 Ba da 
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Q8. Electrons with de-Broglie wavelength A fall on the 
target in an X-ray tube, The cut-off wavelength of the 


(С) 2000 (D) A 
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Q9. In the experiment to determine the speed of sound 
using a resonance column, 


(А) 
(B) 


(с) 


(D) 


prongs of the tuning fork are kept in a vertical 
plane. 

prongs of the tuning fork are kept in a horizontal 
plane. 

in one of the two resonan 
the resonating air colum 
of sound in air. 

in one of the two resonances observed, the length 
of the resonating air column is close to half of the 
wavelength of sound in air. 


s observed, the length of 
is close to the wavelength 
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Assertion Reasoning Type 


‘This section contains 4 reasoning type questions. 
Each question contains four options related to two state- 
ments, statement, 1 and statement 2. Marking scheme 


1. Full Marks: (+3) Ношу the bubble corresponding 
to the correct answer is darkened 


. Zero Marks: (0) If none of the bubbles is darkened 
|. Negative Marks: —1 In all other eases 
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Q10. Statement 1: If there is no external torque on a 
body about its centre of mass, then the velocity of the 
centre of mass remains constant. 
Statement 2: The linear momentum of an isolated 
system remains constant. 
jatement 1 is true, statement 2 is true; statement 
2 is a correct explanation for statement 1. 
(В) Statement 1 is true, statement 2 is true; statement. 
2 is not a correct explanation for statement: 1. 
(С) Statement 1 is true, statement 2 is false. 
(D) Statement 1 is false, statement 2 is true. 
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Q1. Statement 1: The total translational kinetic en- 

ergy of all the molecules of a given mass of an ideal gas 

is 1.5 times the product of its pressure and its volume. 
Statement 2: The molecules of a gas collide with 

each other and the velocities of the molecules change 

due to the collision. 

(A) Statement 1 is true, statement 2 is true; statement. 
2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement. 
2 is not a correct explanation for statement 1. 

(C) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 
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912. Statement 1: A vertical iron rod has a coil of 
wire wound over it at the bottom end, An alternating 
current flows in the coil. The rod goes through a con- 
ducting ring as shown in the figure. The ring can float 
at a certain height above the coil. 

Statement 2: In the above situation, a current is 
induced in the ring which interacts with the horizontal 
component of the magnetic field to produce an average 
force in the upward direction. 


(A) Statement 1 is true, statement 2 is true; statement. 
2 is a correct explanation for statement 1. 

(B) Statement 1 is true, statement 2 is true; statement. 
2 is not a correct explanation for statement 1. 

(С) Statement 1 is true, statement 2 is false. 

(D) Statement 1 is false, statement 2 is true. 
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913. Statement 1: A cloth covers a table. Some 
dishes are kept on it. The loth can be pulled out with- 
out dislodging the dishes from the table 

Statement 2: For every action there is an equal and 
opposite reaction, 
intement 1 is true, statement 2 is true; statement 
2 is a correct explanation for statement 1. 
true; statement 
not a correct explanation for statement 1. 
(С) Statement 1 is true, statement 2 is false. 
(D) Statement 1 is false, statement 2 is true. 


(B) Statement 1 is true, statement 2 
2 
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Paragraph Type 


‘This section contains 6 questions based on two 
paragraphs. Each question has four options (A), (B), 
(C) and (D). Only one of these four options is correct. 
Marking scheme is: 
1. Full Marks: (+4) Ifonly the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—1) In all other cases 
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Paragraph for Questions 14-16 

The figure shows a surface XY separating two 
transparent media, medium-1 and medium-2. The lines 
ab and ed represent wavefronts of a light wave travel- 
ling in medium-1 and incident on XY. The lines ef and 
gh represents wavefronts of the light wave in medium-2 
after refraction. (2007) 
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Q14. Light travels as a 

(A) parallel beam in each medium. 

(B) convergent beam in each medium. 

(С) divergent beam in each medium. 

(D) divergent beam im ore medium and convergent 
beam in other medium. 
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915. The phases of the light wave at с, d, e and f are 
dc, да, Ge and фу respectively. It is given that de # dy. 
(А) де cannot be equal to да. 

(В) да can be equal to de. 

(C) (da — 9) is equal to ($ — 4%). 

(D) (ба — óc) is not equal to (фу — be). 
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Q16. Speed of light is 
(A) the same in medium-1 and medium-2 
(B) larger in medium-1 than in medium-2, 
(C) larger in medium-2 than in medium-1, 
(D) different at b and d. 
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Paragraph for Questions 17-19 


‘Two trains A and В are moving with speed 20 m/s 
and 30 m/s respectively in the same direction on the 
same straight track, with B ahead of A. The engines are 
at the front ends. The engine of train A blows a whistle. 
Assume that the sound of the whistle is composed of 
components varying in frequency from fı = 800 Hz to 
fa = 1120 Hz, as shown in the figure. The spread. 
the frequency (highest frequency — lowest frequency) 
thus 320 Hz. The speed of sound in air is 340 m/s. 
(2007) 
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Q17. The speed of sound of the whistle is 

(A) 340 m/s for passengers in A and 310 m/s for pas- 
sengers in В. 

(В) 360 m/s for passengers in А and 310 m/s for pas- 
sengers in В. 

(C) 310 m/s for passengers in A and 360 m/s for pas- 
sengers in B. 

(D) 340 m/s for passengers in both the trains. 
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918. The distribution of the sound intensity of the 

whistle as observed by the passengers in train A is best 

represented by 

(A) 2 в 2 
А 


D 


(D) 


Intensity 
Intensity 
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919. The spread of frequency as observed by the pas- 
sengers in train B is 
(A) 310 Hz (B) 330 Hz (C) 350 Hz (D) 290 Hz 
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Matrix or Matching Type 


‘This section contains 3 matching type ques- 
tions. Each question contains statements given in two 
columns, Statements in the first column have to be 
in the second column. Mark- 


1. Full Marks: (+6) Ношу the bubble corresponding 
to all the correct answer are darkened 


2. Zero Marks: (0) In all other cases 


IIT JEE 2007 Paper 2 691 


920. Column I describes some situations in which a 
small object moves, Column [I describes some char- 
acteristics of these motions. Match the situations in 
Column I with the characteristics in Column I. 
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Column Г ohm I 

(A) The object moves on the (p) The object 
z-axis under a conservative executes а 
force in such a way that — SHM. 


its speed and position s 
isfy v = exea — 27, where 


ср and ez are positive con- 


stants. 
(B) The object moves on the (q) The object 
a-axis in such a way that — does — not 
its velocity and its displace- change Из 


ment from the origin satisfy direction. 
v = —kr, where k isa posi- 
tive constant. 

3) The object is attached to (r) The kinetic 


one end ofa masslessspring energy of 
of a given spring constant. the ` object 
‘The other end of the spring keeps on 
is attached to the ceiling of decreasing. 


an elevator. Initially every- 
thing is at rest. The ele- 
vator starts going upwards 
with a constant acceleration 
а. The motion of the ob- 
ject is observed from the el- 
evator during the period it 
maintains this acceleration. 


IIT JEE 2007 Paper 2 


IIT JEE 2007 Paper 2 694 
921. Two wires each carrying a steady current i are 
shown in four configurations in Column I. Some of the 
resulting effects are described in Column JI. Match the 
statements in Column Г with the statements in Col- 
umn И. 
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Column 1 Johumn I 
(A) Point P is situated midway (р) The mag- 
between the wires. netic field at 
UE P due to the 
m currents in 
the wires are. 
in the same 
direction. 
(B) Point P is situated at the (q) The mag- 
point of the line ў netic — field 
the centers of the cireu- — at P due to 
lor wires, which have same the currents 


radii. 


(C) Point. P is situated at the 
mid-point of the line join- 
ing the centers of the cireu- 
lor wires, which have same 


radii. 
OO 


(D) Point P is situated at the 
‘common center of the wires. 


(г) 


in the wires 
are in the 
opposite. 
directions, 
There is no 
magnetic. 
field at P. 
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922. Column I gives some devices and Column И 
gives some processes on which the functioning of these 
devices depend. Match the devices in Column Г with 
the processes in Column IL 


Column T ‘Column П 

(A) Bimetallic strip (p) Radiation from a hot 
body 

(B) Steam engine. (q) Energy conversion 

(C) Incandescent lamp (r) Melting 

(D) Electric fuse (5) "Thermal expansion 


of solids. 
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Answers 


LB 14. А 

2.0 15. С 

з. р 16. В 

£R 17. B 

$c ma 

TA 19. А 

BA 20. Acp, Ват), 
9. A Cop, DH(q, г) 

10. D 21. A (qr). Вер, 
11. В CH (qr), Она 

12. А 22. As, Вы, Cop, 


13. В Der 


IIT JEE 2006 


‘The format of IIT JEE 2006 was different. Unlike earlier 
years, IIT JEE 2006 did not have two-stages (screening 
‘and mains), but only one stage. There were three dif- 
ferent papers for physies, chemistry and mathematics, 
each of 2 hour duration with 40 questions. 
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Рарег 


‘The physics paper contains 40 questions of total marks 
184. The questions are divided into five sections (1) sin- 
gle answer correct type (2) multiple correct answers 
type (3) matrix-matching type (4) paragraph type and 
(5) descriptive type. 


тоо 
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One Option Correct 


‘This section contains 12 questions. Each question 
has four options (A), (В), (С) and (D). Only one of 
these four options is correc’, Marking scheme is: 
1. Full Marks: (+3) If only the bubble corresponding, 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: —1 In all other eases 
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91. A student performs an experiment for determi- 
nation of g (= 48). "The error in pendulum length 
m) is Al. To measure time period T, the student 
takes total time of n oscillations with a stop watch of 
least count ATj. and (s)he commits a human error of 
АТ, = 018. The amplitude of oscillation is A, The 
measurement. of g is most securate for 

(A) Al = 5 mm, ATi, = 0.2 s,n = 10, A 
(B) AL 02s. 
(C) A 01s. 
(D) Al = 1 mm, ATi, = 0.1 s,n = 50, А = 1 mm. 


5mm 
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92. A solid sphere of radius R has moment of inertia 
T about its geometrical axis. It is melted into a disc of 
radius r and thickness t. If its moment of inertia about. 
the tangential axis (which is perpendicular to plane of 
the disc), is also equal to Z, then the value of r is equal 
to 


fg (B) X (©) AR (D) VR 
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93. A double star system consists of two stars A and 


B which have time periods TA and Tg, radius Юл and 
Rg and mass M4 and Mg. Choose the correct option, 


(A) ЕТА > Tg then Ra > Ав 
(B) 1f T4 > Tg then Ма > Mp 
(C) TA/Ta = (t| R^ 
(D) 
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94. Half-life of a radioacsive substance A is 4 days. 
‘The probability that a nucleus will decay in two half- 


lives is 
(А) 1/4 (B) 3/4 (C) 1/2 (D) 1 
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95. Find the time constant for the given R-C cir- 


cuits in correct order (in us), [Given Ry = 12, Ra 
20, Ci =4 pF, C; =2 pF] 
P Т 
1 m 6 
а | 
Че CY 
LF ЕЯ а 


(A) 18,4,8/9 (B) 18,8/9,4 
(C) 4188/9 (D) 4,8/9.18 
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Q6. Two bars of radius r and 2r are kept in contact 
as shown, An electric current Г is passed through the 
bars, Which one of following is correct? 


1/2 D 


(A) Heat produced in bar BC is 4 times the heat pro- 
duced in bar AB. 

(B) Electric field in both halves is equal. 

(C) Current, density across AB is double that across 
nc. 

(D) Potential difference across AB is 4 times that of 
across ВС. 
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Q7. A massless rod BD is suspended by two identical 
massless strings AB and CD of equal length. А block 
of mass m is suspended from point P such that BP + 
equal to x. Ifthe fundamental frequency of the left wire 
is twice the fundamental frequency of right wire, then 
the value of x is 


Я 


ні D 


(A) 1/5 (В) 1/4 (C) 41/5 (D) 30/4 
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Q8. А biconvex lens of focal length f forms a circular 

image of radius r of sun in focal plane, Then which 

option is correct? 

(А) mx f 

(B) ar? x f? 

(C) If lower half part is covered by black sheet, then 
area of the image is equal to xr? /2 

(D) If f is doubled, intensity will increase. 
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99. A point object is placed at а distance of 20 cm. 
from а thin plano-convex lens of focal length 15 cm. 
‘The plane surface of the lens is now silvered. The image 
created by the system is at 


(A) 60 em to the left of the system 
(В) 60 cm to the right of the system 
m to the left of the system. 
m to the right of the system 
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910. In a screw gange, the zero of main scale coin- 
cides with fifth division of circular scale as shown in the 
figure (i). The circular scale of a screw gauge has 50 


divisions and its pitch is 0.5 mm. The diameter of the 
ball being measured in the figure (8) is 
as 
x20 
а 5) m 


(A) L2 mm (В) 1.25 mm (C) 220 mm (D) 2.25 mm 


IIT JEE 2006 Paper 72 


Q1. System shown in the figure is in equilibrium and 
at rest. The string is massless and inextensible and 
spring is massless. The acceleration of the mass 2m 
and m just after the string is cut will be 


(A) 9/2 upwards, g downwards 
(В) g upwards, 9/2 downwards 
(С) g upwards, 2g downwards 
(D) 29 upwards, 9 downwards 
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912. The graph between object distance u and the 
image distance v for a lens is as shown, The focal length 
of the lens is 


v(em) 


m 


10 


" 
(em) Ai o 


(А) 5401 (В) 540.05 
(С) о5+01 (D) 05+005 
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One or More Option(s) Correct 


‘This section contains 3 questions. Each question 
has four options (А), (В), (C) and (D). One or more 
than one of these four options is(are) correct. Marking 
scheme is: 

1. Full Marks: (+5) If only the bubble(s) corre- 
sponding to all the correct option(s) is(are) dark- 
ened 
Zero Marks: (0) If none of the bubbles is darkened 


Negative Marks: (—1) In all other cases 
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Q3. A solid sphere is in pure rolling motion on an 

inclined surface having inclination 0, 

(A) frictional force acting on sphere is f = ии cost. 

(В) f is dissipative force. 

(C) friction will increase its angular velocity and de- 
crease its linear velocity. 

(D) if 6 decreases, frictionzl force will decrease. 
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QA. In a dark room with ambient temperature To, 
а black body is kept at temperature T. Keeping the 
temperature of the black bedy constant (at T), sun rays 
are allowed to fall on the black body through a hole in 
the roof of the dark room. Assuming that there is no 
change in the ambient temperature of the room, which 
of the following statement(s) is (are) correct? 


@ 


(A) The quantity of radiation absorbed by the black 
body in unit time will increase. 

(B) Since emissivity = absorptivity, hence the quantity 
of radiation emitted by black body in unit time wi 

(C) Black body radiates more energy in unit time in 
the visible spectrum. 

(D) The reflected energy in unit time by the black body 


T 
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Q15. A ball moves over а fixed track as shown in the 
figure. From A to B the ball rolls without slipping. 
If surface BC is frictionless and Ka, Кв and Ke are 
Kinetic energies of the ball at A, В and C respectively, 
then, 


(A) ha>he, Kg >Ke (B) ha > he, Ko > Кл 
(С) ha —ho, Kg — Ко (D) һа <ho, Kg > Ко 
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Q6. For spherical symmetrical charge distribution, 
variation of electric potential, V, with distance from. 
centre, r, is given in the figure. Which of the following 
option(s) is (are) correct? 


v 


EN 


(A) Total charge within 2Ro is q- 
(В) Total electrostatic energy for r < Ro is zero. 
(C) At r = Ro electric fiel is discontinuous. 


(D) There will be no 
Ro. 


charge anywhere except at r = 
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917. An infinitely long wire carrying current fy passes 
through O and is perpendicular to the plane of paper. 
Another current carrying lop ABCD lies in plane of 
paper as shown in the figure. Which of the following 
statement(s) is (are) correct? 


(A) net force on the loop is zero. 

(В) net torque on the loop is zero. 

(C) loop will rotate clockwise about axis OO! when 
seen from О. 

(D) loop will rotate anticlockwise OO" when seen from 
о. 
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918. A field line is shown in the figure. This field 


cannot represent, 


(A) Magnetic field (B) Electrostatic field 
(C) Induced electric field (D) Gravitational field 


IIT JEE 2006 Paper D 
919. Function z = Asintwt + Beostut + 
Crsinwt совы represents SHM, 

(A) Рог any value of A, В and C (except С 
(B) 1f В, amplitude = [Bv] 


0) 


2B, amplitude 


B| 
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920. The graph between 1/A and stopping potential 
(У) of three metals having work functions 1, бз and 
ds in an experiment of photoelectric effect is plotted 
as shown in the figure. Which of the following state- 
ment(s) is (are) correct? (Here A is the wavelength of 
the incident ray.) 


ooi 002 ож 


(A) di idr: 3=1:2:4. 

(B) dy: 62:93 = 4:2: 1. 

(С) tand is directly proportional to he/e, where h is 
Planck's constant and ¢ is the speed of light. 

(D) The violet colour light can eject photoelectrons 
from metal 2 and 3. 
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Matrix ог Matching Туре 


‘This section contains 4 matching type ques- 
tions. Each question contains statements given in two 
columns. Statements in the first column have to be 
in the second column. Mark- 


1. Full Marks: (+6) Ifonly the bubble corresponding 
to all the correct answer are darkened 


2. Zero Marks: (0) In all other cases 
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921. Some laws/processes are given in Column I 
Match these with the physical phenomena given in Col- 


umn И. 


Column I 


Column П 


(A) Dielectric ring uniformly 
charged. 


(B) Dielectric ring uniformly 
charged rotating with 
angular velocity w. 

(C) Constant current in ring 


(D) 


ig cost. 


(p) Time in- 
dependent 
electrostatic 
field out of 
system. 


(a) Magnetic field, 


(r) Induced elec- 
trie field. 

(s) Magnetic mo- 
ment. 
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922. Column I gives some properties of a simple tele- 
scope used to view distant objects having eyepiece and 
objective lens of focal lengihs fe and fo. Match these 
properties with parameters given in Column II. 


Column 1 Column П 
(A) Intensity of light received (р) radius of aper- 
by lens ture (R) 

(B) Angular magnification (q) dispersion of 
lens 

(C) Length of telescope. (5) focal — length 
Bos fe 

(D) Sharpness of image. (5) spherical aber- 


ration 
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923. Match the following for the given process, 


KL 
1p ap 7 Vm 
Column I Column П 
(A) Process J > К (p) W 0 
(B) Process K — L (q) Q«0 
(C) Process L = M. () W«o0 


(D) Process M — J 6) Q>0 
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924. Some laws/processes are given in Coulumn 1. 
Match these with the physical phenomenon given in 
Column И. 


Column Т Column П 

(A) Nuclear fu- (р) Converts some matter into 
sion energy. 

(B) Nuclear fis- (q) Generally possible for nuclei 
sion with low atomic number. 

(C) -decay (5) Generally possible for nuclei 


with higher atomic number. 

(D) Exothermie (8) Essentially proceeds by 
nuclear weak nuclear forces. 
reaction. 
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Paragraph Type 


‘This section contains 12 questions based on 4 para- 
graphs. Each question has four options (A). (B). (C) 
and (D). Only one of these four options is correct 
Marking scheme is: 
1. Full Marks: (+5) Ifonly the bubble corresponding 
to the correct answer is darkened 
. Zero Marks: (0) If none of the bubbles is darkened 


3. Negative Marks: (—2) In all other cases 
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Paragraph for Questions 25-27 

‘Two plane harmonic sound waves are expressed by 

the equations: yı = Acos (0.5nx—100nt) and yp = 


Acos (0.4Gnx—92nt). [АШ parameters are in MKS 
units] (2006) 
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925. How many times does an observer hear maxi- 
mum intensity in one second? 
(А) 4 (B) 10 (C) 6 (D) 8 
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Q26. What is the speed of the sound? 
(A) 200 m/s (В) 180 m/s (C) 192 m/s (D) 96 m/s 
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927. At z = 0 how many times the amplitude of yı + 
р is zero in one second? 
(A) 192 (B) 48 (C) 100 (D) 9% 
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30 


Paragraph for Questions 2 


‘The capacitor of capacitance C can be charged 
(with the help of a resistance R) by a voltage source 
У, by closing switch S, while keeping switch S2 open. 
‘The capacitor can be connected with an inductor L by 
closing switch $ and opening S1. (2006) 
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928. Initially, the capacitor was uncharged. Now, 
switch 5, is closed and 5p is kept open, If time constant 
of this circuit is т, then, 

(A) after time interval т, charge on capacitor is CV/2. 

(B) after time interval 2r, charge on capacitor is 
cv (1-е). 

(C) the work done by the voltage source will be half 
of the heat dissipated when the capacitor is fully 
charged. 

(D) after time interval 2r, charge on capacitor is 
Cv (17e). 
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929. After the capacitor gets fully charged, 5, is 

opened and Sz is closed s» that the inductor is con- 

nected in series with the capacitor. Then, 

(A) at £ = 0, energy stored in the circuit is purely in 
the form of magnetic energy. 

(B) at any time £ > 0, current in the circuit is in the. 
some direction. 

(C) at > 0, there is no exchange of energy between 
the inductor and capacitor. 

(D) at any time ¢ > 0, maximum instantaneous current 
in the circuit may be V /C/L. 
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Q30. If the total charge stored in the LC circuit is qo, 

then for t > 0, 

(A) the charge on the capacitor is 9 = 
а (3 22). 

(B) the charge on the capacitor is q = 
ао (5 е 

(С) the charge on the capacitor is g = 


1 


(D) the charge on the capacitor is q 
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Paragraph for Questions 31-33 


Modern trains are based on Maglev technology in 
which trains are magnetically levitated, There are coil 
on both sides of wheels. Due to motion of train, cur- 
rent induces in the coil of track which levitate it. This 
is in accordance with Lenz's law. If trains lower down 
then due to Lenz's law a repulsive force increases due 
to which train gets uplifted and if it goes much high 
then there is а net downward force due to gravity. The 
advantage of Maglev train is that there is no friction be- 
‘tween the train and the track, thereby reducing power 
consumption and enabling the train to attain very high 
speeds. Disadvantage of Maglev train is that as it 
slows down the electromagnetic force decreases and it 
becomes difficult to keep it leviated and as it moves 
forward, according to Lenz's law, there is an electro- 
magnetic drag force. (2006) 
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Q31. What is the advantage of this system? 
(A) No friction hence no power consumption, 
(В) No electric power is used. 

(С) Gravitation force is zero. 

(D) Electrostatic force draxs the train. 
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932. What is the disadvantage of this system? 

(A) Train experiences upward force according to Lenz's 
law. 

(B) Friction force creates а drag on the train, 

(C) Retardation. 


(D) By Lenz's law train experiences a drag. 
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933. Which force causes the train to elevate up? 
(A) Electrostatie force. 

(B) Time varying electric field. 

(C) Magnetic force. 

(D) Induced electric field. 
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Paragraph for Questions 34-36 

A wooden cylinder of diameter 4r, height A and 

density p/3 is kept on a hole of diameter 2r of a tank, 


filled with liquid of density p as shown in the figure. 
союу 


IIT JEE 2006 Paper 742 


Q34. Now, level of the liquid starts decreasing slowly. 
When the level of liquid is at a height hy above the 
cylinder, the block just starts moving up. Then value 
of hy is 

(A) 2h/3 (B) 5h/4 (C) 54/3 (D) 58/2 


ПТ JEE 2006 Paper таз 
935. Let the cylinder is prevented from moving up, 
hy applying a force and water level is further decreased. 
Then, height of water level (hz in figure) for which the 
cylinder remains in originel position without applica- 
tion of force is 


Inm 


(A) 4h/9 (B) 5h/9 (C) h (D) 2/3 
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Q36. If height hy of water level is further decreased, 
then, 

(A) cylinder will not move up and remains at its origi- 

nal position, 

(В) for hz = h/3, cylinder again starts moving up. 

(C) for hy = h/4, cylinder again starts moving up. 

(D) for ħa = h/5, cylinder again starts moving up. 
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Descriptive 


‘This section contains 4 descriptive questions. Each 
question is of 6 marks, 
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937. In an insulated vessel, 0.05 kg steam at 373 К 
and 045kg of ice at 253K are mixed. Find 
the final temperature of the mixture (in Kelvin) 
[Given, Lrusion = 80 cal/g = 336 J/g, Lvaporisation 
540 cal/g = 2268J/g, Sie =  2100J/kg K 
0.5 cal/(g К), Swater = 4200 J/kg K = 1 cal/(g K).] 
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Q38. There is a rectangular plate of mass M kg of 
dimensions (a xb). The plate is held in horizontal posi- 
tion by striking n small balls uniformly each of mass m 
per unit area per unit time, These are striking in the 
shaded half region of the plate. The balls are colliding 
elastically with velocity v. What is v? [Given n= 100, 
M=3 kg, m=0.01 kg, 6=2 m, a—1 m, g=10 m/s] 
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Q39. А circular disc with a groove along its diameter 
is placed horizontally. A block of mass 1 kg is placed as 
shown in the figure, The coefficient of friction between 
the block and all surfaces of groove in contact is и = 
2/5. ‘The disc has an acceleration of 25 m/s". Find the 
acceleration of the block with respect to disc. 


[^s 


а= 25m/s? 


cos — 4/5, sind = 3/5 
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940. In hydrogen-like atom (Z = 11), nh line of Ly 
man series has wavelength equal to the de-Broglie 


wavelength of electron in the level from which it origi 
nated. What is the value of n? 
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Answers 


22. Aop, Bor Qon 
р-р) 

23. Aq, Bes(ps), Сен, 
Des(qr) 

24. Ара), ВЫ (ри) 
©-(рн), раат) 

25. А 

26. А 

27. С 

28. 

29. 


37. 273K 

38. 10 m/s 

21. Ap, Веқа, а), 39. 10 m/s? 
Оқа, s) D(a, rs) 40. 24 
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ШТ JEE 2005 has a screening paper and a main paper. 
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Screening Paper 


‘The physics part of screening paper has 28 obj 
questions of the single option correet type. 


752 
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One Option Correct. 


Each question has four options (А), (B), (С 
(D). Only one of these four options is correct. 


and 
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91. A moving coil galvanometer of resistance 100 0 is 
used as an ammeter using а resistance 0.1 0, The max- 
imum deflection current in the galvanometer is 100 pA. 
Find the current in the circuit, so that the ammeter 


shows maximum deflection. 
(А) 100.1mA (В) 1000.1 mA 
(C) 1001 mA (D) 101 mA 
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92. Which of the following sets have different dimen- 
sions, 

(A) Pressure, Young's modulus, Stress 

(B) EMF, Potential difference, Electric potential 

(C) Heat, Work done, Energy. 

(D) Dipole moment, Electric flux, Electric field. 
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Q3. The given graph shows the variation of velocity 
(v) with displacement (x). Which one of the following 
graph correctly represents the variation of acceleration 
(a) with displacement. 


o 
(A) * (В) * 

ope о = 
(c) * (D) * 


IIT JEE 2005 Screening Peper 757 


Q4. A block of mass m is at rest under the action of 
force F against a wall as sbown in the figure. Which of 
the following statement is incorrect? 


afa 


(A) f = mg, where f is the frictional force. 

(В) F = М, where N is the normal reaction. 

(C) F will not produce torque about centre of mass. 
(0) N will not produce torque about centre of mass. 
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Q5. From a circular disc of radius R and mass 9M, a 
small disc of radius R/3 is removed. The moment of in- 
ertia of the remaining dise about an axis perpendicular 
to the plane of the disc and passing through O is 


(A) AMR? (в) $MR? (C) 10M? (D) PMR? 
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Q6. A particle moves in a circular path with decreasing, 

speed. Choose the correct statement, 

(A) Angular momentum remains constant. 

(B) Acceleration (7) is towards the centre, 

(C) Particle moves in a spiral path with decreasing ra- 
dius. 

(D) "The direction of angular momentum remains con- 
stant. 
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QT. A simple pendulum has time period Tj. The point 
of suspension is now movel upwards according to the 
relation y = kt, (k = 1 m/s?) where y is the vertical 
displacement. The time period now becomes Ty. The 
ratio of 112/152 is [Take g = 10 m/s?.] 

(A) 6/5 (B) 5/6 (C) 1 (D) 4/5 


IIT JEE 2005 Screening Peper 761 


Q8. Water is filled in a beaker upto a height of 3m. An 
orifice (hole) is at a height of 52.5 em from the bottom 
of beaker (see figure). The ratio of cross-sectional area 
of the orifice and the beaker is 0.1, The square of the 
speed of the liquid coming out from the orifice is [Take 
0 m/s2.) 


(A) 50 (m/s)? (В) 50.5 (m/s)? 
(C) 51 (m/s)? (0) 52 (m/s)? 
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99. The pressure of a medium is changed from 
1.01 x 105 Pa to 1.165 x 10° Pa and change in volume 
10% keeping temperature constant at 20°C, The bulk 
modulus of the medium is 

(A) 204.8 x 108 Pa (B) 1024 x 10° Pa 

(C) 512х109 Ра (р) 1.55 x 10° Pa 
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910. An infinitely long cylinder is kept parallel to a 
uniform magnetic field B directed along positive z-axis 
‘The direction of induced current as seen from the +ve 
‘axis will be 

(A) clockwise (В) anticlockwise 

(C) zero (D) along the magnetic field 
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Q11. Three infinitely long charge sheets are placed 
parallel to x-y plane as shown in the figure, The electric. 
field at point P is 


(A) 24 
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912. A 4 uF capacitor and a 2.5 MO resistance are in 
series with 12 V battery. Pind the time after which the 
potential difference across the capacitor is 3 times the 
potential difference across the resistor. [Given In2 = 
0.693) 

(A) 13865 (B) 6935 (C) 7s (D) 14s 
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Q13. Find out the value of current through 2.0 resis- 
tance for the given cireuit. 


(A) 5A (В) 2A (C) zero (D) 4A 
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Q14. Ideal gas is contained in а thermally insulated 
and rigid container and it is heated through a resistance 
of 100 9 by passing a current of 1 A. Change in. 
energy of the gas after 5 min will be 

(A) zero (В) 10kJ (C) 20kJ (D) 30 kJ 
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915. A photon collides with a stationary hydrogen 

atom in ground state inelastically. Energy of the col- 

liding photon is 10.2 eV. After a time interval of few 

micro-seconds another photon collides with same hydro- 

gen atom inelastically with an energy of 15 eV. What 

will be observed by the detector? 

(A) Two photons of energy 10.2 eV. 

(B) Two photons of energy 1.4 eV. 

(C) One photon of energy 10.2 eV and an electron of 
energy ТА eV. 

(D) One photon of energy 10.2 eV and another photon 
of energy 1.4 eV. 
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916. A tuning fork of 512 Hz is used to produce res- 
onance in a resonance tube experiment, The level of 
water at first resonance is 30.7 cm and at second res- 
onance is 63.2 em. The error in calculating velocity of 
sound is [Speed of sound = 330 m/s.) 

(A) 20L1em/s (В) 110cm/s 

(C) 58em/s (D) 280cm/s 
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QT. An open pipe is in resonance in second harmonic. 
with frequency Л. Now one end of the tube is closed 
and frequency is increased to fa such that the resonance 
again occurs in n^ harmonic. Choose the correct op- 


(В п=3, Љ= л 
(D) n=5, a= $f 
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918. A convex lens is in contact with concave lens. 
‘The magnitude of the ratio of their focal length is 3/2. 
‘Their equivalent focal length is 30 m. What are their 
individual focal lengths? 

(А) —75 cm, 50 сш (В) — cm, 15 em 

(С) Tem, 50cm (D) —15 em, Юеш 
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919. A container is filled with water (и = 1.33) upto 
а height of 33.25 em. A concave mirror is placed 15 em 
above the water level and the image of an object placed 
at the bottom is formed 25 cm below the water level. 
‘The focal length of the mirror is 


цаанаа 


15cm, 


em 


3325em. 


о 


(А) 10cm (B) 15cm (С) 20cm (D) 25 em 
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920. In Young's double sit experiment intensity at a 
point is one fourth of the maximum intensity. Angular 
position of this point is 

(A) sin! (à) (В) sin! (а) 
(©) sin“ (4) (D) sin (а) 


IIT JEE 2005 Screening Peper та 


921. А body with area А and emissivity e = 0.6 i 
kept inside a spherical black body. Total heat radiated 
by the body at temperature T is 

(A) 060eAT* (В) 0.8ceAT* 

(C) LOzeAT* (D) Олдос АТА 
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922. One calorie is defined as the amount of heat re- 
quired to raise temperature of 1 g of water by 1 °C in a 
certain interval of temperature and at certain pressure, 
‘The temperature interval and pressure is 

(A) from 14.5 °C to 15.5 °C at 760 mm of Hg 

(B) from 98.5 "C to 99.5 °C at 760 mm of Hg 

(C) from 13.5 °C to 14.5 °C at 76 mm of Hg 

(D) from 3.5 °C to 4.5 °C at 76 mm of Hg 
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Q23. Variation of radiant energy emitted by the sun, 
filament of tungsten lamp, and welding are as a function 
of its wavelength is shown in the figure. Which of the 
following option gives the correct match? 


в» 


(A) Sun-Tj, tungsten filament-Tz, welding arc-Ts 
(В) Sun-Ta, tungsten filament-T;, welding arc-Ts 
(С) Sun-T3, tungsten filament-T>, welding arc-Ty 
(0) Sun-T;, tungsten filament-T3, welding arc-T 
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924. In which of the following process, convection 
does not take place primarily? 

(A) Sea and land breeze. 

(B) Boiling of water, 

(C) Warming of glass bulb through filament. 

(D) Circulation of air around furnace. 
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925. Water of volume 2 litre in a container is heated 
with a coil of 1 kW at 27 "C. The lid of the container 
is open and energy dissipates at rate of 160 J/s. In how 
much time temperature will rise from 27 "C to 77 °C? 
[Specific heat of water is 4.2 kJ/(kg?C).] 

(A) Smin 205 (B) 6min 2s 

(C) 7 min (D) 14 min 
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Q26. If a star converts all of its He into oxygen, find 
the amount of energy released per nucleus of oxygen. 
(Mass of the helium nucleus is 4.0026 u and mass of 
oxygen nucleus is 15.9994 u). 

(A) 76 Меу (В) 56.12 MeV 

(C) 10.24 Меү (0) 234 MeV 
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927. A beam of electron is used in a Young's double. 
slit experiment. The slit width is d. When the velocity 
of electron is increased, 

(A) no interference is observed. 

(B) fringe width increases 

(C) fringe width decreases 

(D) fringe width remains same 
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Q28. Ka wavelength emitted by an atom of atomic 
number Z = ИВА. The atomic number of an atom. 
that emits Ka radiation with wavelength 4A is 

(A) 6 (B) 4 (C) 11 (D) 44 


IIT JEE 2005 Screening Paper 
Answers 


LA 15. 
2. D 16. 
З.А 17. 
40 18. 
Б, А 19. 
6.0 20. 
Т.А 21. 
8. A 22. 
9. D 23. 
10. С 24. 
11. B 25. 
12. A 26. 
13. С 27. 


14. D 28. 


Маш Рарег 


‘The main paper in physics is of 2 hour duration. It has 
18 questions of total marks 60. 


733 
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Descriptive 


‘There are 18 questions in total. Solve all of them. 
‘There are 8 questions of two marks each, 8 questions of 
four marks each and 2 questions of six marks each. 
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91. A conducting bubble of radius a and thickness 
t (t < a) has potential V. Now the bubble collapses 
into a droplet. Find the potential of the droplet. 
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92. The edge of a cube is measured using a Vernier 
calipers (9 divisions of the main scale are equal to 10 
divisions of Vernier scale end 1 main scale di 
1mm). The main scale division reading is 10 and first 
division of Vernier scale was found to be coinciding with 
the main scale. The mass of the cube is 2.736 g. Calcu- 
late the density in. g/cm? upto correct significant fig- 
ures, 
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Q3. Two identical ladders, each of mass M and length 
L are resting on the rough horizontal surface as shown 
in the figure, A block of mass m hangs from P. If the 
system is in equilibrium, find the direction and magni- 
tude of frictional force acting at A and B. 
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94. A solid cylinder rolls without slipping on an in- 
clined plane inclined at an angle 0. Find the linear 
acceleration of the cylinder, Mass of the cylinder is m. 
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95. A rod of length L and mass M is hinged at point 
О. A small bullet of mass m moving with velocity v hits 
the rod as shown in the figure. The bullet gots embed- 
ded in the rod, Find anguler velocity of the system just 
after impact, 


ot 
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96. А mass m is undergoing SHM in the vertical direc- 
tion about the mean position yo with amplitude А and 
angular frequency w. At a distance y from the mean po- 
sition, the mass detaches from the spring. Assume that 
the spring contracts and does not obstruct the motion 
of m. Find the distance у (measured from the mean 
position) such that the height № attained by the block 
maximum. [402 > g]. 
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Q7. A U-shaped tube contains a liquid of density р 
and it is rotated about the Tine as shown in the figure, 
Find the difference in height H of the liquid column. 
[Assume diameter of the tube d & L.] 


<> 
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Q8. A long solenoid of radius a and mimber of turns 
per unit length n is enclosed by cylindrical shell of ra- 
dius R, thickness d (d € R) and length Z. А variable 
current i = io sinat flows through the solenoid, If the 
resistivity of the material of cylindrical shell is p, find 
‘the induced current in the shell. 
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Q9. In a moving coil galvanometer, torque on the coil 

сап be expressed as т = ki, where i is the current 

through the wire and К is constant. The rectangular 

coil of the galvanometer having number of turns N, area 

A and moment of inertia J is placed in magnetic field 

B. 

(a) Find & in terms of given parameters. 

(b) If for current io deflection is 7/2, find out torsional 
constant of spring. 

(<) If a charge Q is passed suddenly through the gal- 
anometer, find the maximum angle of deflection, 
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910. The potential energy of a particle varies as, 


Wej- f № M ITI 
vo -(3 lrr»l 


For 0< z < 1, the de-Broglie wavelength is Ay and for 
xt > 1, the de-Broglie wavelength is Аз. Total energy of 
the particle is 2K. Find А / о. 


IIT JEE 2005 Main Paper 795 
Q11. At t = 0, switch 5 is closed (see figure). The. 
charge on the capacitor is varying with time as q = 
4o (1 —e~**), Obtain the value of qo and а in the given 
circuit parameters, 


By 


IIT JEE 2005 Main Paper 796 


912. №, Ro, Rs are different values of resistor R and 
А, В, С are the null points obtained corresponding to 
Ry, Rz and Rs, respectively. For which resistor, the 
value of X will be most accurate and why? 


x 


R 
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913. A harmonically moving transverse wave on a 
string has a maximum particle velocity and accelera- 
tion of 3 m/s and 90 m/s? respectively. Velocity of the 
wave is 20 m/s. Find the waveform. 
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914. An observer standing on a railway crossing re- 
ceives frequency of 2.2 kHz and 1.8 kHz when the train 
approaches and recedes from the observer. Find the ve- 
locity of the train. [Speed of sound = 300 m/s. 
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915. А ray of light is incident on a prism ABC of 
refractive index УЗ as shown in the figure. 


в D 


P с E 


(a) Find the angle of incidence for which the deviation 
of light ray by the prism ABC is minimum. 

(b) By what angle the second identical prism must be 
rotated, so that the final r net minimum 
deviation. 
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916. AB and CD are two slabs. The medium between 
the slabs has refractive index 2. Find the minimum an- 
gle of incidence at Q, so that the ray is totally reflected 
by the two slabs. 


[а = |p 
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Q17. A metal of mass 1 kg at constant atmospheric 
pressure and at initial temperature 20°C is given a 
heat of 20000 J. Find (a) change in temperature (b) 
work done and (c) change in internal energy. [Given: 
Specific heat = 400 J/kg °C, coefficient. of cubical ex- 
pansion y = 9 x 10-5 /°C, density p = 9000 kg/m*, 
atmospheric pressure = 10° N/m?.] 
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Q18. X-rays are incident on a target metal atom hav- 
ing 30 neutrons. The ratio of nuclear radius of the 
target atom to that of $He nucleus is (14/2, [R = 
14x 10 ш, e=3 x 10° m/s] 

(a) Find the mass number of target atom. 

(b) Find the frequency of Ко line emitted by this metal. 
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Answers 


10. № 
Le da = а = 
3. f= (1559) geota Ritna 
4. brio ) 12. fa 
5. тат 13. у = 0.1sin (301 4 $ 
6. п/а 14. 30 m/s 
T H-€E 15. (a) 60° (b) 60° 
norm 16. 60° 
bg 17. (a) 50°С (b) 0.051 


9. (a) BNA (b) PENA > (5 19999.95 J 


[DIET 18. (a) 56 (b) 1.55 x 1018 H 
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One Option Correct 


Each question has four options (A), (B), (С 
(D). Only one of these four options is correct. 


s06 


and 
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91. For the post office boc arrangement to determine 
the value of unknown resistance, the unknown resis- 
tance should be connected between 


в c D 


(A) Band (В) C and D 
(C) Аша (0) By and Cy 
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92. А wire has а mass m = 03--0.003 g, radius 
r = 0.5 40.005 mm and length | = 6 £0.06 cm. The 
maximum percentage error in the measurement of its 
density is 

(A) 1 (B) 2 (C) 3 (D) 4 
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Q3. In the relation р = Зе, p is pressure, Z 
distance, k is Boltzmann constant and 6 is temperature, 
The dimensional formula of В is. 

(А) мет] (в) [MLATI] 

(C) мыт-| (D) [MOLT] 
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94. A small block slides without friction down an in- 
clined plane starting from rest, Let sy be the distance 
travelled from t= —1 tot =n, Then z% is 


(A) 737 (B) BA (С) Bet (0) Bh 
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95. A particle starts from rest. Its acceleration a (in 
m/s?) versus time t (in s) is as shown in the figure, The 
maximum speed of the particle will be 

a(m/s3) 


w 


n uc 


(A) 110 m/s (B) 55 m/s (C) 550 m/s (D) 660 m/s 
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96. A particle is placed at the origin and a force F = 
kr is acting on it (where Р is а positive constant). If 
U(0) — 0, the graph of U(x) versus z will be (where U 
is the potential energy function), 


(A) "e в Ч 
< "e (p ve 


AL. 
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Q7. A child is standing with folded hands at the centre 
ofa platform rotating about its central axis. The kinetic 
energy of the system is K. The child now stretches 
his arms so that the moment of inertia of the system 
doubles. The kinetic energy of the system now is 

(A) 2K (B) K/2 (C) К/А (D) 4K 
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Q8. А disc is rolling (without slipping) on а horizon- 
tal surface. P and Q are two points equidistant from 
the centre C. Let vp, vg and vc be the magnitude of 
velocities of points P, Q ard С respectively, then, 


(А) ng > ve > vp (B) то < ve < up 
(C) ug = up, ve =vp/2 (0) vo < ve > up 
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Q9. A block P of mass m is placed on a horizontal fric- 
tionless plane. A second bleck of same mass m is placed 
on it and is connected to a spring of spring constant К. 
‘Then two blocks are pulled by a distance А. Block Q 
oscillates without slipping. What is the maximum value 
of frictional force between the two blocks? 


P" 


(A) kA/2 (B) kA (C) мета (D) zero 
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Q10. The variation of the induced emf (e) with time 
(0) in a coil if a short bar magnet is moving along its 
axis with a constant velocity is best represented as 


= № 
(в) e 


(© $ (D) 


> 
IN, 


IIT JEE 2004 Screening Peper віт 
911. An electron moving with a speed u along the 
positive z-axis at y = 0 enters a region of uniform mag- 
netic field В = — Вой which exists to the right of y-axis. 
‘The electron exits from the region after sometime with 
the speed v at coordinate y, then 


у 


(A) n>m <0 
(C) v»u y» 0 
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Q12. Consider the charge configuration and a spher- 
ical Gaussian surface as shown in the figure. When 
calculating the flux of the clectrie field over the spheri- 
cal surface, the electric field will be due to 


E 


(A) е (B) only the positive charges 
(C) all the charges (0) + and = 
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Q13. Six charges, three positive and three negative of 
equal magnitude are to be placed at the vertices of a 
regular hexagon such that the electric field at O is dou- 
ble the electric field when only one positive charge of 
same magnitude is placed at R. Which of the following 
arrangements of charge is possible for P, Q, R, 5, T 
and U respectively, 


Р 9 


IIT JEE 2004 Screening Peper 820 


914. A capacitor is charged using an external battery 
with a resistance «in series. The dashed line shows the 
variation of In 7 with respect to time. If the resistance 
is changed to 2r, the new graph will be 


(A) P (B) Q (C) R (D) 5 


IIT JEE 2004 Screening Peper sa 


915. After 280 days, the activity of a radioactive sam- 
ple is 6000 disintegrations per second. The activity re- 
duces to 3000 disintegraticn per second after another 
140 days. The initial activity of the sample (in dis- 
integration per second) is 

(А) 6000 (B) 9000 (C) 3600 (D) 21000 
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Q16. Six equal resistances are connected between 
points P, Q and R as shown in the figure, Then, the 
net resistance will be maximum between 


А 


9 R 


(A) Pand Q (B) Qand R 
(C) Pand (р) any two points 
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917. А pipe of length lj, closed at one end is kept in 
a chamber of gas of density pi. А second pipe open at 
both ends is placed in a second chamber of gas of den- 
sity p2. The compressibility of both the gases is equal. 
Calculate the length of the second pipe if frequency of 
first overtone in both the cases is equal. 


(A) h/3 (B) 41/3 (C) 4 fer (D) S Га 
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918. A source of sound of frequency 600 Hz is placed 
inside water. The speed of sound in water is 1500 m/s 
and in air it is 300 m/s. The frequency of sound 
recorded by an observer who is standing in air is 

(A) 200 Hz (B) 3000 Hz (C) 120 Hz (D) 600 Hz 
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919. In a Young's double slit experiment, bi- 
chromatic light of wavelength 400 nm and 560 nm are 
used. The distance between the slits is 0.1 mm and the 
distance between the plane of the slits and the screen. 
is 1 m. ‘The minimum distance between two successive. 
regions of complete darkness is 
(A) 4mm (В) 5.6mm (C) 14 mm (D) 28 mm 
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920. A point object is placed at the centre of a glass 
sphere of radius 6 cm and refractive index 1.5. The 
distance of the virtual image from the surface of the 
sphere is 

(A) 2em (В) 4em (C) беш (D) 12 cm 
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921. А ray of light is incident on an equilateral glass 
prism placed on a horizontal table. For minimum devi- 
ation which of the following is true? 


P 


(A) PQ is horizontal 
(B) QR is horizontal 
(C) RS is horizontal 
(D) Either PQ or RS is horizontal 
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922. White light is incident on the interface of glass 
and air as shown in the figure, If green light is just 


totally internally reflected then the emerging ray in air 
contains 

Air Green 

[72 

White 


(A) yellow, orange, red 
(B) violet, indigo, blue 
(C) all colours. 
(D) 


all colours except green 
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Q23. Three discs, A, В and C having radii 2m, 4m. 
and 6 m, respectively are coated with carbon black оп 
their outer surfaces. The wavelengths corresponding to 
maximum intensity are 300 nm, 400 nm and 500 nm, 
respectively. The power radiated by them аге Qa, Ов 
and Qc. Then, 

(A) Qa is maximum (В) Qg is maximum 

(C) Qo is maximum (0) Фл = Qo = Qc. 
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924. Two identical conducting rods are first con- 
nected independently to two vessels, one containing wa- 
ter at 100 °C and the other containing ice at 0°С. In 
the second case, the rods are joined end to end and 
connected to the same vessels. Let qı and q» grams per 
second be the rate of melting of ice in the two cases, 
respectively. The ratio qı tz is 

(A) 1/2 (B) 2 (©) 4 (D) 1/4 
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925. An ideal gas expands isothermally from a volume. 
Vi to V and then compressed to original volume Vi 
adiabatically. Initial pressure is py and final pressure is 
Pa. The total work done is W. Then, 

(A) ps> m №>0 (В) py <р. И <0 

(C >m, W <0 (D) ps =p, W=0 
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Q26. Liquid oxygen at 50 K is heated to 300 K at con- 
stant pressure of 1 atm. The rate of heating is constant. 
Which of the following graphs represent the variation of 
‘temperature with time? 


Ae (в: |_/ 
£ £ 
— 


(€) & (D) 


Temi 
Temp. 


Time Time 
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927. The figure shows the variation of photocurrent. 
with anode potential for а photosensitive surface for 
three different radiations. Let Ta, and Ie be the in- 
tensities and fa, fo and fe be the frequencies for the 
curves a,b and c respectively. Then, 


2 


a, 


Љам Ia (B) fa 
Лачь-ь (D) fo 


(A) fa 
(C) fa 
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928. A proton has kinetic energy E = 100 keV which 
is equal to energy of a photon. Let Ay be the de-Broglie 
wavelength of the proton and Az be the wavelength of 
the photon. The ratio A; /22 is proportional to 

(A) E° (B) EN? (C) E^ (D) E? 
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Маш Рарег 


‘The main paper in physics is of 2 hour duration. It has 
20 questions of total marks 60, 
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Descriptive 


‘There are 20 questions in total. Solve all of them. 
‘The maximum marks for 10 questions is 2 and remain- 
ing 10 questions is 4. 
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91. A proton and an alpha particle, after being accel- 
erated through same potential difference, enter uniform 
magnetic field, the direction of which is perpendicular 
to their velocities, Find the ratio of radii of the cireular 
paths of the two particles 
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Q2. The pitch of a screw gauge is 1 mm and there are. 
100 divisions on the circular scale. While measuring 
the diameter of a wire, the linear scale reads 1 mm and 
47* division on the circular scale coincides with the 
reference line. The length of the wire is 5.6 em. Find the 
curved surface area (in сш) of the wire in appropriate 
number of significant figures 
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93. Ina Searle's experiment, the diameter of the wire. 
as measured by а screw gauge of least count 0.001 em 
is 0.050 сш. The length, measured by a scale of least 
count of 0.1 em, is 110.0 cm. When а weight of 50 N is 
suspended from the wire, the extension is measured to 
be 0.125 em by a micrometer of least count 0.001 cm. 
Find the maximum error in the measurement of Young 
modulus of the material of wire from these data, 
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94. Two blocks A and B of equal masses are released 
from an inclined plane of inclination 45° at t = 0. Both 
the blocks are initially at rest. The coefficient of kinetic 
friction between the block A and the inclined plan 
0.2 while it is 0.3 for the block B. Initially the block 
А is v2 m behind the block B. When and where their 
front. faces will come in a line. [Take g = 10 m/s? ] 
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95. A solid sphere of radius R is floating in a liquid 
of density p with half of its volume submerged. If the 
sphere is slightly pushed and released, it starts perform- 
ing SHM. Find the frequency of these oscillations. 
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96. Consider a horizontally oriented syringe contain- 
ing water located at a height of 1.25m above the 
ground, The diameter of the plunger is 8 mm and the 
diameter of the nozzle is 2 mm. The plunger is pushed 
with a constant speed of 0.25 m/s. Fi 
range of water stream on the ground. 


iL 


125m. 
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Q7. А small sphere falls from rest in a viscous liquid. 
Due to friction, heat is produced. Find the relation 
between the rate of production of heat and the radius 
of the sphere at terminal velocity. 
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98. A container of width 2a is filled with a liquid. A 
thin wire of mass per unit length A is gently placed over 
the liquid surface in the middle of the surface as shown 
in the figure. As a result, the liquid surface is depressed 
by a distance y (< a). Determine the surface tension 
of the liquid. 
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Q9. In an L-R series circuit, a sinusoidal voltage V = 
Vosinwt is applied, It is given that L = 35 mH, R = 
112, Vas, = 220 V, w/(27) = 50 Hz, and т = 22/7. 
Find the amplitude of current in the steady state and 
obtain the phase difference hetween the current and the 
voltage. Also plot the variation of current for one cycle. 
оп the given graph, 


v 
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910. In the circuit shown A and B are two cells of 
same emf E but different internal resistances ry and 
rara > ra) respectively. Find the value of R such that 
the potential difference across the terminals of cell A is 
zero a long time after the key K is closed. 


AB 


к 


R 
E 
R 
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911. A rock is 1.5 x 109 yr old. The rock contains 
23807 which disintegrates to form 206РЬ. Assume that 
there was no 2®Ph in the rock initially and it is the only 
stable product formed by the decay. Calculate the ratio 
of mmber of nuclei of 238 to that of 2°Pb in the rock. 
[Half life 02880 is 4.5 x 109 yr (Take 21/3 = 1,259),] 
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912. Two large parallel metallic plates Sı and $5 car- 
rying surface charge densities e; and o respectively 
(01 > 03) are placed at a distance d apart in vacuum. 
Find the work done by the electric field in moving a 
point charge q a distance a (а < d) from S; towards 52 
along a line making an angle 7/4 with the normal to 
the plates. 
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913. Draw the circuit for experimental verification of 
Ohm's law using a source of variable DC voltage, a main 
resistance of 100 0, two galvanometers and two resis- 
tances of values 10° Q2 and 10-3 Q, respectively. Clearly 
show the positions of the voltmeter and the ammeter. 
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QA. In a Young's double slit experiment, two wave- 
lengths of 500 nm and 700 nm were used. What is the 
minimum distance from the central maximum where 
their maxima coincide again? Take D/d = 108, Sym- 
bols have their usual meaning. 
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Q15. An object is approaching a thin convex lens of 
focal length 0.3 m with a speed of 0.01 m/s. Find the 
magnitudes of the rate of change of position and rate 
of change of lateral magniñcation, of image when the 
object is at a distance of 04 m from the lens. 
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Q16. Figure shows an irregular block of material of 
refractive index У2. A ray of light strikes the face АВ 
as shown in the figure. After refraction it is incident on 
a spherical surface CD of radius of curvature 0.4 m and. 
enters a medium of refractive index 1.514 to meet PQ at 
E. Find the distance OE upto two places of decimal. 
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Q17. One end of a rod of length £ and cross-sectional 
area A is kept in a furnace of temperature T}. The other 
end of the rod is kept at temperature Tz. The thermal 
conductivity of the materiel of the rod is and emis- 
sivity of the rod is e. It is given that Ty = T, + АТ, 
where AT < T,, T, being the temperature of the sur- 
roundings. If AT ох (Ti — T,), find the proportionality 
constant. Consider that heat is lost only by radiation 
at the end where the temperature of the rod is Ta- 


Tasulated 
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Q18. A cube of coefficient of linear expansion а, is 
floating in a bath containing a liquid of coefficient of 
volume expansion ^. When the temperature is raised 
by AT, the depth up to which the cube is submerged in 
the liquid remains the same. Find the relation between 
а, and y showing all the steps. 
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Q19. The piston cylinder arrangement shown in the 
figure contains a diatomic gas at temperature 300 К. 
‘The cross-sectional area of the cylinder is 1 m?. Initially 
the height of the piston above the base of the eylinder 
is 1m. The temperature is now raised to 400 K at con- 
stant pressure. Find the new height of the piston above 
the base of the cylinder. If tle piston is now brought. 
back to its original height without any heat loss, find 
the new equilibrium temperature of the gas. You can 
leave the answer in fraction. 
|» 
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920. Wavelength belonging to Balmer series, lying in 
the range of 450 nm to 750 nm, were used to eject pho- 
toelectrons from а metal surface whose work function 
is 2.0 eV. Find (in eV) the maximum kinetic energy of 
the emitted photoelectrons. [Take he = 1242 eV nm.] 
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Answers 


16. 
17. 
18. и = За, 
19. 4/3 m, 448.8 K 
20. 0.55 eV 
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Screening Paper 


‘The physics part of screening paper has 28 obj 
questions of the single option correet type. 
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One Option Correct 


Each question has four options (A), (B), (С 
(D). Only one of these four options is correct. 


and 
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Q1. In the shown arrangement of the experiment of 
the meter bridge if AC corresponding to null deflection 
of galvanometer is 2, wha: should be its value if the 
radius of the wire AB is doubled? 


в m 
n ? E 
ae 


(A) ж (В) 2/4 (C) 4r (D) 22 
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Q2. The edge of a cabe is measured to be 
1,2 x 107? m. Its volume should be recorded as 

(А) 17x 10° mt (B) 1.73 x 10-9 mt 

(C) 170 х 107% ш? (D) 1.728 x 107° m? 
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Q3. What is the maximum value of the force F such 
that the block shown in the arrangement does not 
move? [Take g = 10 m/s?] 


F, 


(A) 20N (B) 10N (C) 12N (D) 15 N 
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94. IFW;, Wz and W; represent the work done in mov- 
ing a particle from A to B along three different. paths 
1, 2 and 3 respectively (sec figure) in the gravitational 
field of a point mass m. Find the correct relation be- 
tween Wi, Wo and Ws. 


A 


(A) Wi > Wa Ма (B) Wi = Ма = Из 
(C) Wi c Wa < Ws (D) Wa > Wi > Ws 
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95. A particle undergoes uniform circular motion. 
About which point on the plane of the circle, will the 
angular momentum of the particle remain conserved? 
(A) centre of the circle 

В) on the circumference of the circle. 

(C) inside the circle. 

D) outside the circle. 
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96. Consider a body consisting of two identical balls, 
each of mass M connected by a light rigid rod of length 
L (see figure). If an impulse J = Mv is imparted to 
the body at one of its end, what would be its angular 
velocity’? 
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т. For a particle executing SHM, the displacement 
ris given by z = Acoswt. Identify the graph which 
represents the variation of potential energy (PE) as a 
function of time t and displacement =, 


PET AL PE 


x T 
B 


(A) LII (B) ILIV (C) ПШ (D) LIV 
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98. The adjacent graph shows the extension (Al) of 
a wire of length 1 m suspended from the top of a roof 
at one end and with a load W connected to the other 
end. If the cross-sectional area of the wire is 105 mê, 
calculate, from the graph, the Young's modulus of the 
material of the wire. 


(A) 2x10? N/m? (B) 2x 107" N/m? 
(C) 3x10 N/m? (D) 2x 10 N/m? 
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Q9. When an AC source of emf © = eo sin(100t) i 
connected across a circuit, the phase difference between 
‘the emf e and the current i in the circuit is observed to 
be 7/4, as shown in the diagram. If the cireuit consists 
possibly only R-C or R-L or L-C in series, find the 
relationship between the two elements 
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910. А current carrying loop is placed in a uniform. 
‘magnetic field in four different orientations, I, П, TIE and. 
IV. Arrange them in the decreasing order of potential 
energy, 


N » 
ades cepe (A 
a di (ш) 
57 +в 
av) 


(A) ISI IIS IV. (B) I IL HIS IV 
(С) 21V» III. (D) HIS IV 3 15 1E 
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Q11. A conducting loop carrying a current I ìs placed 
in a uniform magnetic field pointing into the plane of 
the paper as shown, The loop will have a tendency to 


СЯ 


(А) contract 
(В) expand 

(С) move towards +ve « axis 
(D) move towards —ve г axis 
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912. For a positively charged particle moving in а т-у 
plane initially along the z-axis, there is a sudden change 
in its path due to the presence of electric and/or mag- 
netic fields beyond P. The curved path is shown in the 
з-у plane and is found to be non-cireular. Which of the 


following combination is possible? [Here a, b and c are 
non-zero positive constants] 
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Q13. A metallic shell has а point charge q kept inside 
its cavity. Which one of she following diagrams cor- 
rectly represents the electric lines of force? 
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914. The three resistances of equal value are arranged 
in the different combination shown below. Arrange 
‘them in increasing order of power dissipation. 


о ш 
ш av) 


(A) M<I<IV<I (B III «IV «I 
(C) 1<1у<Ш<п (D Ec llle Il «Iv 
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915. The electric potential between a proton and an 
electron is given by V = То (£), where Vo and ro 
are constants. Assuming Bohr's model to be applicable, 
how does radius ry of the q'* Bohr's orbit varies with 
the principal quantum muber n? 

(А) топ (B) ro x (С) ry хп? (D) ra x i 
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Q16. Which of the following set-up can be used to ver- 
ify Ohm's law? 
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917. In an experiment of the determination of the 
speed of sound in air using the resonance column 
method, the length of the air column that resonates 
in the fundamental mode, with a tuning fork is 0.1 m. 
When this length is changed to 0.35 m, the same tun- 
ing fork resonates with the frst overtone. Calculate the 
end correction, 

(A) 0012 m (В) 0.025 m (C) 0.05 m (D) 0.024 m 
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918. A police car moving at 22 m/s sounds a horn 
at 176 Hz while chasing а motor-cyclist, Both, police 
car and motor-cyclist, are moving towards a stationary 
siren of frequency 165 Hz. What is the speed of the 
motorcycle if it is given that the motor-cyclist does not 
observe beats? [Speed of sound = 330 m/s] 


Police car | 22 m/s | Motor |.» | Stationary- 
(176 He) cde data 


(A) 33 m/s (B) 22 m/s (C) zero (D) 11 m/s 
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919. A ray of light is incident at the glass-water sur- 
face at an angle i. It emerges finally parallel to the 
surface of water, then the value of glass refractive index 
jig would be 


(А) isini (B) 
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Q20. The size of the image of an object, which is at 
as formed by a convex lens of focal length 30 cm. 
is 2 cm. If a concave lens of focal length 20 em is placed 
between the convex lens and the image at a distance of 
Эб cm from the convex lens, calculate the new size of 
the image. 

(A) 1.25 em (B) 2.5 em (C) L05em (D) 2cm 


IIT JEE 2003 Screening Peper LE 


Q1. In the adjacent diagram CP represents a wave- 
front and AO and BP, the corresponding two rays. Find 
the condition of 0 for constructive interference at Р be- 
‘tween the ray BP and the reflected ray OP. 


9 R 


UD 
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922. 2 kg of ice at —20 °C is mixed with 5 kg of water 
at 20°C in an insulating vessel having а negligible heat 
capacity. Calculate the final mass of water remaining in 
the container. It is given that the specific heats of water 
and ice are 1 kcal/(kg?C) and 0.5 keal/(kg"C) while the 
latent heat of fusion of ice is 80 kcal/kg. 

(A) 7kg (В) 6kg (C) 4kg (0) 2kg 
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Q23. The p-T diagram for an ideal gas is shown in the. 
figure, where AC is an adiabatic process. Correspond- 
ing p-V diagram is given by 


(A) Р 


А 


" 
А 
r 
9 "T 
vg bo 


" (D) Ppa 
IN, I. v 
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924. Two rods, one of aluminium and the other made 
of steel, having initial lengths fy and lz are connected 
together to form a single rod of length lla. The 
coefficients of linear expansion for aluminium and steel 
are o, and ag, respectively. If the length of each rod 
increases by the same amount when their temperature 
are raised by 1°C, then find the ratio gi, 

(A) 2: (B) = (C) ав. (D) азы 
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925. The temperature (T) versus time (t) graphs of 
two bodies X and Y with equal surface areas are shown 
in the figure, If the emissivity and the absorptivity of 
X and Y are Ez, Ey and dz, ay, respectively, then, 


т 


(A) Е, > By and ay < ay 
(В) E, < E, and a, > ay 
(C) Е. > E, and az > ay 
(0) Е. < E, and ag < ay 
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Q26. A nucleus with mass number 220 initially at 
rest emits an a-particle. If the Q value of reaction 
5.5 MeV, calculate the kinetic energy of the a-particle, 


(A) 44 Меу (В) 5.4 MeV. 
(C) $6 MeV (р) 6.5 MeV 
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Q27. For uranium nucleus, its mass (m) vary with vol- 
ume (V) as 

(A) mxV (B) mx1/V (C) mxvV (D) mxV? 
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Q28. If the atom 10Fm”7 follows the Bohr’s model 
and the radius of jooFm^ is n times the Bohr radius, 
then find n. 

(A) 100 (B) 200 (C) 4 (D) 1/4 
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Answers 


LA 15. А 
2A 16. B 
З.А 17. B 
4B 18. В 
5. А 19. В 
6. A 20. B 
Т.А 21. B 
8. A 22. B 
9. A 23. А 
10. С 24. С 
11. B 25. С 
12. В 26. В 
13. D 27. A 


Маш Рарег 


‘The main paper in physics is of 2 hour duration. It has 
20 questions of total marks 60. 


E 
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Descriptive 


‘There are 20 questions in total. Solve all of them. 
‘The maximum marks for 10 questions is 2 and remain- 
ing 10 questions is 4. 
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Q1. Eight point charges аге placed at the corners of a 
cube of edge a as shown in the figure. Find the work 
done in disassembling this system of charges. 
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92. № divisions on the main seale of a Vernier calipers 
coincide with (N + 1) divisions on its Vernier scale. If 
each division on the main scale is of a units, determine 
the least count of instrument. 
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93. Two point masses m and my are connected by a 
spring of spring constant К and natural length ls. The 
spring is compressed such that the two point masses 
touch each other and then are fastened by a string. 
‘Then the system is moved with a velocity vp along pos- 
itive z-axis. When the system reaches the origin the 
string breaks (£ = 0). The position of the point mass 
given by 21 = wot — A(1 — coswt) where А and 
w are constants. Find the position of the second block 
as а function of time. Also find the relation between A 
and lo. 
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94. A particle of mass т, moving in circular path of 
radius [t with a constant speed оз is located at point 
(2R,0) at time Ё = 0. At the same instant, a man 
starts moving with a velocity v along the positive y- 
axis. Calculate the linear momentum of the particle 
wart, man as a function of time 


v 


(0.0) = 
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95. There is a crater of depth R/100 on the surface of 
moon (radius R). A projectile is fired vertically upward 
from the crater with velocity equal to the escape veloc- 
ity v from the surface of the moon, Find the maximum. 
height attained by the projectile. 


IIT JEE 2003 Main Paper sos 


Q6. A liquid of density 900 kg/m is filled in a cylindri- 
cal tank of upper radius 0.9 m and lower radius 0.3 m. 
А capillary tube of length lis attached at the bottom of 
the tank as shown in the figure, The capillary has outer 
radius 0.002 m and inner radius а. When pressure p is 
applied at the top of the tank volume flow rate of the 
liquid is 8 x 1076 m/s and if capillary tube is detached, 
the liquid comes out from the tank with а velocity of 
10 m/s. Determine the coefficient of viscosity of the liq- 
vid. [Given : та? = 1075 m? and a?/l = 2 x 10-9 m] 


09m 
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Q7. А soap bubble is being blown at the end of a very 
narrow tube of radius b. Air (density р) moves with a 
velocity v inside the tube end comes to rest inside the 
bubble, The surface tension of the soap solution is T. 
After some time the bubble, having grown to a radius r, 
separates from the tube. Find the value of r. Assume 
that г 3> b so that you can consider the air to be falling 
normally on the bubble's surface. 


Bubble 
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Q8. Two infinitely long parallel wires carrying currents. 
Josinwt in opposite directions are placed a di: 
3a apart. А square loop of side a of negligible resistance 
with a capacitor of eapacitence C is placed in the plane 
of wires as shown, Find the maximum current in the 
square loop. Also sketch the graph showing the varia- 
tion of charge on the upper plate of the capacitor as a 
function of time for one complete cycle taking anticlock- 
wise direction for the current in the loop as positive. 
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Q9. A ring of radius R having uniformly distributed 
charge Q is mounted on a rod suspended by two iden- 
tical strings. The tension in strings in equilibrium is 
To. Now a vertical magnetic field is switched on and 
ting is rotated at constant angular velocity w. Find the 
maximum w with which the ring can be rotated if the 
strings can withstand a maximum tension of 322, 


кр 


ma? 
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Q10. A positive point charge q is fixed at origin. A 
dipole with a dipole momen: j is placed along the z-axis 
far away from the origin with ў pointing along positive 
axis. Find (a) the kinetic energy of the dipole when 
it reaches a distance r from the origin and (b) force 
experienced by the charge q at this moment. 
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Q11. Characteristic X-rays of frequency 4.2 x 101% Hz 
are produced when transitions from L-shell to K-shell 
take place in a certain target material. Use Moseley's 
law to determine the atomic number of the target ma- 
terial. [Rydbergs constant = 1.1 x 107 m+] 
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912. Show by diagram, how can we use a rheostat as 
the potential divider? 
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913. А string of mass per unit length р is clamped at 
both ends such that one end of the string is at = 0 
and the other is at z = 1 When string vibrates in 
fundamental mode, amplitude of the mid-point O of 
the string is а, and tension in the strin Find the. 
total oscillation energy stored in the string. 
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QA. Ina resonance tube experiment to determine the 
speed of sound in air, a pipe of diameter 5 em is used. 
‘The air column in pipe resonates with a tuning fork of 
frequency 480 Hz when the minimum length of the air 
column is 16 cm, Find the speed of sound in air at room 
temperature. 
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915. A prism of refracting angle 30° is coated with a 
thin film of transparent material of refractive index 2. 
on face AC as shown in the figure, A light of wave- 
length 6600 A is incident on face AB such that angle of 
incidence is 60°. Find, (a) the angle of emergence and 
(b) the minimum value of thickness of the coated film 
on the face AC for which the light emerging from the 
face has maximum intensity. [Given refractive index of 
the material of the prism is V3.) 
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916. In the figure, light is incident on a thin lens as 
shown. The radius of curvature for both the surfaces is 
R. Determine the focal length of this system for jn < 
ja < из. 
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Q17. The top of an insulated cylindrical container is 
covered by a disc having radiation emissivity 0.6, ther- 
mal conductivity 0.167 W m~? K~} and thickness 1 cm. 
‘The temperature is maintained by circulating oil as 
shown in the figure. The temperature of the upper 
surface of dise is 127 "C and temperature of the sur- 
rounding is 27 °C. Find (а) the rate of radiation loss 
to the surroundings by unit area of the disc and (b) the 
temperature of the circulating oil. Neglect the heat loss 
due to convection. [Given с = 1 x 1078 W m^? K-*] 
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918. An insulated box containing a monatomic gas 
of molar mass M moving with a speed v is suddenly 
stopped. Find the increment in gas temperature as а 
result of stopping the box. 
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919. Ina photoelectric experiment set-up, photons of 
energy 5 eV falls on the cathode having work function 
3 eV. If the saturation current i4 = 4 HA for intensity 
Та = 10-5 W/m?, then plot the variation of photocur- 
rent jp against the anode voltage V, for photon intensity 
Та = 1075 W/m? and Ip = 2 x 1075 W/m?, 
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Q20. A radioactive element decays by emission. A 
detector records n beta particles in 2s and in next 25 
it records 0.75n beta particles. Find mean life (in s) 
correct to nearest whole number. [Given In2 = 0.6931, 
In3 = 1.0986). 
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Answers 


m 


2. ут 
Bm = ш + 


mi А (1 — cosut), lo = 
(my /ma - 1)A 

4. —mvo sin $ 
тасв в) 

5. 9958 


913 


10. (0) zaia (0) t 

11.4 

12. See solution 

13. я2а2т JUD) 

14. 336 m/s 

15. (a) zero (b) 1500 А 

16. 228. 

17. (a) 595 W/m? 
(b) 162.6 °C 

18 Mj 

19. See solution 

20. 75 
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Screening Paper 


‘The physics part of screening paper has 30 obj 
questions of the single option correet type. 


915 


IIT JEE 2002 Screening Paper D 


One Option Correct. 


Each question has fou options (А), (B), (С 
(D). Only one of these four options is correct. 


and 
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Q1. Two equal point charges are fixed at z = —a and 
+a on the z-axis, Another point charge Q is placed 
at the origin. The change in the electrical potential 
energy of Q, when it is displaced by a small distance « 
along the z-axis, is approximately proportional to 

(А) z (B) 22 (C) 2 (D) И 
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Q2. A geostationary satellite orbits around the earth 
in a circular orbit of radius 36000 km. Then, the time 
period of a spy satellite orbiting a few hundred kilo- 
meters above the earth surface (Re = 6400 km) will 
approximately be. 

(A) 3h (B) 1h (C) 2h (D) 4h 
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Q3. A simple pendulum is oscillating without damp- 
ing. When the displacement of the bob is less than 
maximum, its acceleration vector d is correctly shown 
in 


(A) (B) 

< ж 

f | 
(С) TES (D) Б 
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Q4. An ideal spring with spring constant k is hung 
from the ceiling and a block of mass M is attached to 
its lower end. The mass is released with the spring 
initially unstretched, Then the maximum extension in 


the spring is 
(A) 3р2 (B) 2р2 (С) Ae (р) 52 
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95. A particle, which is constrained to move along z- 
axis, is subjected to a force in the same direction which 
varies with the distance z of the particle from the ori 
as F(x) = —ke + ax*, Here, К and a are positive con- 
stants. For r > 0, the functional form of the potential 
energy U(r) of the particle is 


(A) Uo (B) Ue) 
(c) 9o (D) Чо) 


ls m. 
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Q6. Two blocks of masses 10 kg and 4kg are con- 
nected by a spring of negligible mass and placed on 
a frictionless horizontal surface, An impulse gives a ve- 
locity of 14 m/s to the heavier block in the direction 
of the lighter block. ‘The velocity of the centre of mass 


(A) 30 m/s (B) 20 m/s (C) 10 m/s (D) 5 m/s 
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Q7. A circular platform is free to rotate in a horizontal 
plane about a vertical axis passing through its centre, 
А tortoise is sitting at the edge of the platform, Now 
the platform is given an angular velocity wo. When 
the tortoise moves along a chord of the platform with 
в constant velocity (with respect to the platform), the 
angular velocity of the platform w will vary with time f 
as 

ay “ (B) 


"С “NZ 
(С) x oN (D) " m 
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Q8. A cylinder rolls up an inclined plane, reaches some. 

height and then rolls down (without slipping through- 

out these motions). The directions of the frictional force 

acting on the eylinder are. 

(A) up the incline while ascending and down the incline 
while descending. 

(В) up the incline while ascending as well as descend- 
ing. 

(C) down the incline while ascending and up the incline 
while descending. 

(D) down the incline while ascending as well as de- 
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Q9. A wooden block, with a coin placed on its top, 
floats in water as shown in the figure. The distance 1 
and h are shown there, After some time the coin falls 
into the water, Then, 


= Coin 


Both Г and h increase. 


(A) 
(B) 
(С) 
(D) Both Г and h decrease. 
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910. A short-circuited сой is placed in a time vary- 
ing magnetic field, Electric power is dissipated due to 
‘the current induced in the coil. If the number of turns 
were to be quadrupled (four times) and the wire radius 
halved, the electrical power dissipated would be 

(A) halved (B) the same 

(C) doubled (D) quadrupled 
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Q11. As shown in the figure, P and Q are two coaxial 
conducting loops separated by some distance. When 
the switch 5 is closed, a clockwise current fp flows in P 
(as seen by Æ) and an induced current Јо, flows in Q. 
The switch remains closed for a long time. When $ is 
opened, a current Jq, flows in Q. ‘Then the direction of 
То, and Го, (as seen by E) аге 


M 


js 


(A) respectively clockwise and anticlockwise. 
(В) both clockwise 
(C) both anticlockwise. 


(D) respectively anticlockwise and clockwise. 
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912. А particle of mass m and charge q moves with 
a constant velocity v along the positive z direction, It 
centers a region containing a uniform magnetic field B 
directed along the negative = direction, extending from 
x= a to z = b. The minimum value of v required so 
that the particle can just eater the region r > b is 


(A) #2 (В) «0-08 (C) вв (pj s&ssia 
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913. The magnetic field lines due to a bar magnet are. 
correctly shown in 


(А) 
{< 


(с) 


D | 
5) © 
N (D) 


929 
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914. A long straight wire along the z-axis carries a 
current Z in the negative z direction, The magnetic 


field vector В at a point having coordinate (x, y) on the 
z = 0 plane is 


Ecc 
(о) Ge (D) See 
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915. Two identical capacitors have the same capaci- 
tance С. One of them is charged to potential Vi and 
the other to Vz. The negstive ends of the capacitors 
are connected together. When the positive ends are 
also connected, the decrease in energy of the combined 
system is 

(A) áC(V?-V£) (B) (и +02) 

(с) іс(и -w (D) toy + Va) 
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Q16. The potential difference applied to an X-ray tube 
is 5 KV and the current through it is 3.2 mA. Then the 
number of electrons striking the target per second is 
(A) 2% 1015 (В) 5 x 108 (C) 1x 1017 (D) 4x 10 
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917. A 100 W bulb B; and two 60 W bulbs By and 
Bs, are connected to a 250 V source, as shown in the 
figure. Now Wi, W2 and Ws are the output powers of 
the bulb By, В and Bs respectively. Then, 


Qa Qe 
Qes 


250v 


(A) Wi > Ма = Иа (B) Wi > Wa > Wa 
(C) Wi «Wa; = Из (D) Wi < Wa < Wa 
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918. The effective resistance between points P and Q 
of the electrical circuit shown in the figure is 


(A) BBE (В) SR. (C) зав (D) SE car 
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919. А sonometer wire resonates with a given tun- 
ing fork forming standing waves with five antinodes be- 
‘tween the two bridges when a mass of 9 kg is suspended 
from the wire. When this nass is replaced by mass M, 
the wire resonates with the same tuning fork forming 
three antinodes for the same positions of the bridges. 
‘The value of M is 

(A) 25kg (В) 5kg (C) 125kg (D) 1/25 kg 
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920. A siren placed at a railway platform is emitting 
sound of frequency 5 kHz. A passenger sitting in a mov- 
ing train А records a frequency of 5.5 kHz, while the 
train approaches the siren, During his return journey 
in a different train В he records a frequency of 6.0 kHz 
while approaching the same siren. The ratio of the ve- 
locity of train В to that of train А 
(A) 212/252 (В) 2 (C) 5/6 (D) 11/6 
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921. Two plane mirrors А and В are aligned parallel 
to each other, as shown in the figure, A light ray i 
incident at an angle 30° at a point just inside one end 
of A. The plane of incidence coincides with the plane 
of the figure. The maximum number of times the ray 
undergoes reflections (including the first one) before it 
emerges out is 


02m 


^ 


(A) 28 (B) 30 (C) 32 (D) 34 
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922. In the ideal double-sit experiment, when a glass- 
plate (refractive index 1.5) of thickness tis introduced in 
the path of one of the interfering beams (wavelength A), 
the intensity at the position where the central maximum. 
occurred previously remains unchanged. The minimum 
thickness of the glass-plate is 

(A) 2А (В) 24/3 (C) A/3 (D) A 
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923. Which of the following spherical lenses does not 
exhibit dispersion? The redii of curvature of the sur- 
faces of the lenses are as given in the diagrams, 


(A) (1 B) ,— 
m [m R| E 
x] 


(€) (q (D) >) 
R| (в Ro) 
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924. An observer can see through а pin-hole at the 
top end of a thin rod of height A, placed as shown in 
the figure. The beaker height is 3h and its radius is А. 
When the beaker is filled with a liquid up to a height 2h, 
he can see the lower end of the rod. Then the refractive 
index of the liquid is 


И 
n 


A) $ 0) VIO V o 
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925. An ideal black-body at room temperature is 

thrown into a furnace. It is observed that, 

(A) initially it is the darkest body and at later times 
the brightest, 

(B) it is the darkest body at all times. 

(C) it cannot be distinguished at all times. 

(D) initially it is the darkest body and at later times it 
cannot be di hel. 
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Q26. Which of the following graphs correctly represent 


Cee TE M 
constant temperature? 
5 L 
T P ^ i" 
» — 
B B 
© yt (0) EN 
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927. An ideal gas is taken throngh the cycle ABCA, 
as shown in the figure. If the net heat supplied to the 
gas in the cycle is 5 J, the work done by the gas in the 
process C — A is 


Vim) 


N/m?) 


(A) 54 (B) 104 (C) -15J (D) -203 
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Q28. Which of the following processes represent a y- 
decay? 

(A) 4Xz +y > AXza +046 

(В) AXz + по > АХ 

(C) ^Xz 2 Ха + 

(0) ^Xz +е п > ^Xai +g 
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Q29. The half-life of 25А is 100 us. The time taken. 
for the activity of a sample of 21 АЕ to decay to ath of 
its initial value is 

(A) 400 us (В) 63 ws (C) 40 из (D) 300 из 
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Q30. А hydrogen atom and а Li?* ion are both in the 
second excited state, If fy and fi; are their respective 
electronic angular momentum, and Ен and Er; their 
respective energies, then, 

(A) Ig > lri and |En] > | Eri] 

па and |En] < [В] 

li, and |En] > [Аы 

Лы < Ina and |En] < [Вы] 


dg 
In 


в) 
(©) 
D) 
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Маш Рарег 


‘The main paper in physics has 12 descri 
tions. 


98 
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Descriptive 


‘There are 12 questions in total. Solve all of them. 
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Q1. A hydrogen-ike atom (described by the Bohr 
model) is observed to emi: six wavelengths, originat- 
ing from all possible transitions between a group of 
levels. These levels have energies between —0.85 eV 
and —0.544 eV (including both these val [Take 
1240 eV-nm, ground state energy of hydrogen 
13.6 eV.] 

(a) Find the atomic number of the atom. 

(b) Calculate the smallest wavelength emitted in these 

transitions. 
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92. Two metallic plates A and B each of area 
5x 10-7 m?, are placed parallel to each other at sep- 
aration of Lem. Plate В carries a positive charge of 
33.7 x 10-1? С. A monochromatic beam of light, with 
photons of energy 5 eV each, starts falling on plate A 
‘at t = 0 so that 1015 photons fall on it per square metre 
per second. Assume that one photoelectron is emitted 
for every 109 incident photons. Also assume that all the 
emitted photoelectrons are collected by plate В and the 
work function of plate A remains constant at the value 
of 2eV. Determine, 
(a) the number of photoelectrons emitted up to t = 
105. 
(b) the magnitude of the electric field between the 
plates A and В at t= 10s. 
(c) The kinetic energy of the most energetic photoelec- 
trons emitted at £ = 105 when it reaches plate B. 
[Neglect time taken by the photoelectron to reach plate 
B. Take со = 885 x 10-12 C2/N-m?] 
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Q3. A cubical box of side 1m contains helium gas 
(atomic weight 4) at a pressure of 100 N/nP. During 
an observation time of 1 s, an atom travelling with the 
rms speed parallel to one of the edges of the cube, was 
found to make 500 hits with a particular wall, without 
any collision with other atoms. Take, R = 2 J/mol K 
and k = 138 x 10723 J/K. 

(a) Evaluate the temperature of the gas. 

(b) Evaluate the average kinetic energy per atom. 

(c) Evaluate the total mass of helium gas in the bax. 
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94. A point source S emitting light of wavelength 
600 nm is placed at a very small height h above a flat 
reflecting surface AB (see figure). ‘The intensity of the 
reflected light is 36% of the incident intensity. Interfer- 
ence fringes are observed on a screen placed parallel to 
the reflecting surface at a very large distance D from 


(a) What is the shape of the interference fringes on the 
screen? 

(b) Calculate the rati 
mum intensities in the interference 
near the point P (shown in the figure). 

(<) If the intensity at point P corresponds to a max- 
imum, calculate the minimum distance through 
which the reflecting surface AB should be shifted so 

the intensity at P again becomes maximum, 


о of the minimum to the maxi- 
nges formed 
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95. Two narrow cylindrical pipes A and В have the 

same length. Pipe А is open at both ends and is filled 

with a monatomic gas of molar mass Ma. Pipe B 

open at one end and closed at the other end, and is 

filled with a diatomic gas of molar mass Mg. Both 
gases are at the same temperature, 

(a) Ifthe frequency of the second harmonic of pipe А 
equal to the frequency of the third harmonic of the 
fundamental mode in pipe B, determine the value 
of Ma/Mp. 

(b) Now the open end of the pipe В is closed (so that 
the pipe is closed at both ends). Find the ratio of 
the fundamental frequency in pipe A to that in pipe 
B. 
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Q6. A thin uniform wire AB of length 1m, an un- 
known resistance X and a resistance of 12 9 are con- 
nected by thick conducting strips, as shown in the fig- 
ure, A battery and galvanometer (with a sliding jockey 
connected to it) are also available. Connections are to 
be made to measure the unknown resistance X using 
the principle of Wheatstone bridge. Answer the follow- 


(a) Are there positive and negative terminals on the 
galvanometer? 

(b) Copy the figure in your answer book and show the 
battery and the galvanometer (with jockey) con- 
nected at appropriate points. 

(c) After appropriate connections are made, it is found 
that no deflection takes place in the galvanometer 
when the sliding jockey touches the wire at a dis- 
tance of 60 cm from A. Obtain the value of the те- 
sistance X. 


IIT JEE 2002 Main Paper 956 


т. A rectangular loop PQRS made from а uniform 
wire has length a, width 0 and mass m. It is free to 
rotate about the arm PQ, which remains hinged along 
а horizontal line taken as the y-axis (see figure). Take 
the vertically upward direction as the z-axis. A uniform 
magnetic field В = Bg(3i+4h) exists in the region, The 
loop is held in the з-у plane and a current I is passed 
through it. The loop is now released and is found to 
stay in the horizontal position in equilibrium. 


(a) What is the direction cf the current Z in PQ? 

(b) Find the magnetic forc» on the arm RS. 

(c) Find the expression for 7 in terms of Bo, a, b and 
m. 
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98. A metal bar AB can slide on two parallel thick 
metallic rails separated by a distance Г. A resistance R 
and an inductance L are connected to the rails as shown 
in the figure. A long straight wire, carrying a constant. 
current J is placed in the plane of the rails as shown. 
‘The bar AB is held at res: at a distance то from the 
long wire. At t = 0, it is mede to slide on the rails away 
from the wire, Answer the following aus 


A 
R 
1 0 
fe 
H 
(a) Find the relation among i, 4 and $2, where i is the 


current in the circuit and © is the бих of the mag 
netic field due to the long wire through the circuit, 

(b) It is observed that at time £ = T, the metal bar 
AB is at a distance of 21, from the long wire and 
the resistance R carries a current й. Obtain an 
expression for the net charge that has flown through 
resistance R from t = to t= T. 
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(c) The bar is suddenly stopped at time T. The cur- 
rent through resistance F is found i /4 at time 2T. 
Find the value of L/R in terms of the other given. 
quantities. 
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Q9. A uniform solid cylinder of density 0.8 g/cm? 
floats in equilibrium in a combination of two non-mixing 
liquids A and В with its axis vertical. The densities of 
the liquids А and B are 0.7 g/em? and 1.2 в/с, re 
spectively. The height of liquid A is a = 1.2 сш. The 
length of the part of the cylinder immersed in liquid B 
is Ag = 0.8 em. 


Air Á 


(a) Find the total force exerted by liquid A on the cylin- 
der. 

(b) Find Ai, the length of the part of the cylinder in air. 

(c) The cylinder is depressed in such a way that its top 
surface is just below the upper surface of liquid A 
and is then released. Find the acceleration of the 
cylinder immediately after it is released. 
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910. Three particles A, В and C, each of mass m, are. 
connected to each other by three massless rigid rods to 
form a rigid equilateral triengular body of side 1. Thi 
body is placed on a horizontal frictionless table (а-у 
plane) and is hinged to it at the point. A, so that it can 
move without friction about the vertical axis through 
А (see figure). The body is set into rotational motion 
оп the table about A with a constant angular velocity 


Fe 
9 
1 


(a) Find the magnitude of the horizontal force exerted 
by the hinge on the body. 

(b) at time T, when the side BC is parallel to the z-axis, 
a force F is applied on В along BC (as shown). Ob- 
tain the -component and the y-component of the 
force exerted by the hinge on the body, immediately 
after time T. 
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Q1. A spherical ball of mass m is kept at the highest 
point in the space between two fixed, concentric spheres 
A and В (see figure). The smaller sphere A has a radius. 
R and the space between the two spheres has а width 
d. The ball has a diameter very slightly less than d. All 
surfaces are frictionless. ‘Te ball is given a gentle push 
(towards the right in the figure). The angle made by 
the radius vector of the bal with the upward vertical 
denoted by 6. 


Sphere B 


(a) Express the total normal reaction force exerted by 
the sphere on the ball as a function of angle 0. 

(b) Let Na and Ng denote the magnitudes of the 
normal reaction forces on the ball exerted by the 
spheres А and B, respectively. Sketch the varia- 
tions of Хд and Хр as function of cos@ in the range 
0 <0 < л by drawing wo separate graphs in your 
answer book, taking cost on the horizontal axis, 
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912. On a frictionless horizontal surface, assumed to 
be x-y plane, a small trolley А is moving along a straight 
line parallel to the y-axis (see figure) with a constant. 
velocity of (УЗ — 1) m/s, At a particular instant when 
the line OA makes an ange of 45° with the x-axis, a 
ball is thrown along the surface from the origin O. Its 
velocity makes an angle ó with the z-axis and it hits 
the trolley. 


ase 


(a) The motion of the ball is observed from the frame 
of the trolley. Calculate the angle 0 made by the 
ity vector of the ball with the z-axis in this 


(b) Find the speed of the ball with respect to the sur- 
face, if 6 = 40/3. 
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Answers 


1. (a) 3 (b) 4052 nm b) & [4 m2 — Li. 
2 b x 107 (b) 2 х 10* К/С o Hig | 
(©) 23 ev Vero (b) 0.25 сш 
а o JOK (ia 108 S e 
€) 0: 
а. (a) crentar (b) ле 19 (9) Vim T 
(e) 300 nm 11. (a) Ави 2) 
5. (a) 18 (b) $ t for € cos, 


ғ 


(a) № (b) See solution 

(во 

Ta) P to Q ө > cs! 
(b) TbBa(3k — 4) — N,—0,Ng = mg(2— 
[E 30080) 

В. (a) 42 = ER + LÀ 12. (а) 45° (b) 2m/s 


Na 


mg(3cost = 
and. 
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Screening Paper 


‘The physics part of screening paper has 35 obj 
questions of the single option correet type. 


935 
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One Option Correct 


Each question has four options (A), (В), (С 
(D). Only one of these four options is correct. 


and 
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91. A particle executes SHM between z = —A and 
== +A. The time taken for it to go from 0 to 4/2 


T; and to go from А/2 to A is T», then, 
(A) T «T (B) T> Ta (C) T= (D) n — 2 
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92. A uniform electric field pointing in positive x di- 
rection exists in a region. Let A be the origin, B be the 
point on the z-axis at = +1 cm, and C be the point 
on the y-axis at y = +1 em. Then the potentials at the 
points A, В and C satisfy 

(А) Va <Va (B) Va» Vn 

(C) Va <Ve (D) Va» Ve 
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Q3. A non-planar loop of conducting wire carrying a 
current Г is placed as shown in the figure. Each of 
the straight sections of the loop is of length 2a. The 
magnetic field due to this loop at the point Р(а,0,а) 
points in the direction 
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94. A coil having N turns is wound tightly in the form 
of a spiral with inner and outer radii a and b respec- 
tively, When а current Г passes through the coil, the 
magnetic field at the centre is 


(A) 2901 (B) Залі (C) ааг n? (D) ае mè 
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95. Two particles A and В of masses ma and mg 
respectively and having the same charge are moving in 
а plane. A uniform magnetic field exists perpendicular 
to this plane. The speeds of the particles are va and 
vg respectively and the trajectories are as shown in the. 
figure. Then, 


a oo o 
е PA e 
9 o o o 


(А) mava < maun 
(В) mava > твив 

(C) ma < mg and va < va 
(0) ma = mp and va = va 
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Q6. A metallic square loop ABCD is moving in its own 
plane with velocity v in a uniform magnetic field per- 
pendicular to its plane as shown in the figure, Electric 
field is induced. 


ooo o 
o {a |o 
elo е2" 
oo во 


(A) in AD, but not in BC 
(B) in BC, but not in AD 
(C) neither in AD nor in BC 
(D) in both AD and BC 
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Q7. Two circular coils can be arranged in any of the 
three situations shown in the figure. Their mutual in- 
ductance will be 


о 0 
DOO 
G w w 


maximum is situation (i). 
maximum is situation 
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Q8. A hemispherical portion of radius А is removed 
from the bottom of a cylinder of radius R. The vol 
ume of the remaining cylinder is V and mass M. I 
suspended by a string in a liquid of density p, where it 
stays vertical. The upper surface of the cylinder is at 
а depth A below the liquic surface. "The force on the 
bottom of the cylinder by the liquid i 


(A) Mg (B) Mg Уро 
(C) Mg+7R%hpg (D) pa(V + xh) 
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Q9. When a block of iron floats in mercury at 0°C, 
fraction ky of its volume is submerged, while at the tem- 
perature 60°C, a fraction kz is seen to be submerged. 
If the coefficient of volume expansion of iron is ype and 
that of mercury is Jng, thea the ratio k1/k2 can be ex- 
pressed as 


(A) Hie. (p) Бань o) Hehe (p) iome 
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910. Consider the situation shown in the figure. The 
capacitor A has a charge q on it whereas B is uncharged. 
‘The charge appearing on the capacitor В a long time 
after the switch is closed is 


(A) zero (B) 4/2 (C) а (D) 24 
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911. A simple pendulum has a time period Ту when 
on the earth's surface and T? when taken to a height R 
above the earth's surface, where Ft is the radius of the 
earth, The value of of T/T is 

(A) 1 (B) v2 (C) 4 (D) 2 
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Q12. One quarter section is cut from a uniform circu- 
lar disc of radius R. This section has a mass M. It 
made to rotate about a line perpendicular to its plane 
and passing through the centre of the original dise. Its 
moment of inertia about the axis of rotation is 


(A) arr? (в) }MR? (C) LMR? (D) VIMR? 
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913. Two particles of masses m and mz in projectile 
п have velocities a and бо respectively at time 
0. They collide at time fo. Their velocities become 
Я and 95 at time 2o while still moving in air. The 
value of |(тай! + mai) — (may + това) is 

(A) zero (B) (mı + ma)gto 

(C) 2(m +ma)gto (0) 30m +ma)gto 
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914. A small block is shot into each of the four tracks 
as shown below. Each of the tracks rises to the same 
height. The speed with which the block enters the track 
is the same in all cases. At the highest point of the 
track, the normal г mium in 


Uo M 
pu ee 
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915. An insect crawls пр a hemispherical surface very 
slowly (see figure). The coefficient of friction between 
the surface and the insect is 1/3. If the line joining the 
centre of the hemispherical surface to the insect makes 
an angle а with the vertical, the maximum possible 
value of a is given by 


(A) cota (B) tana=3 
(0) seca=3 (D) coseca = 3 
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916. A string of negligible mass going over a clamped 
pulley of mass m supports a block of mass M as shown. 
in the figure, The force on the pulley by the clami 
given by 


(А) v2Mg. (B) ута 
(С) у + т)2 + т2 о (D) ДМ +m)? + М2 g 
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Q17. The pulleys and strings shown in the figure are 
smooth and of negligible mass, For the system to re- 
main in equilibrium, the angle @ should be 


D 


m Vim] [m 


(A) 0° (B) 30° (C) 45° (D) 60° 
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Q18. A quantity X is given by eyLAY, where eg is 
the permittivity of free space, L is a length, AV is a 
potential difference and At is a time interval. The di- 
mensional formula for X is the same as that of 

(A) resistance (B) charge (C) voltage (D) current. 
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919. A ray of light passes through four transparent, 
media with refractive index jn, рз, Из and ра as shown 
in the figure. The surfaces of all media are parallel. If 
‘the emergent ray CD is parallel to the incident ray AB, 
we must have 


(А) pı = pa (В) из 
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Q20. The transition from the state n = 4 ton = 3 
in a hydrogen like atom results in ultraviolet radiation. 
Infrared radiation will be obtained in the transition 
(A) 221 (B) 322 (C) 42 (D 554 
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921. The intensity of X-rays from a Coolidge tube i 
plotted against wavelength A as shown in the figure. 
‘The minimum wavelength found is Ac and the wave- 
length of the Ко line is Ax. As the accelerating voltage 
is increased, 


(А) Qu — №) increases. (В) (№ — А.) decreases. 
(C) № increases. (0) № decreases. 
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922. A radioactive sample consists of two distinct. 
species having equal number of atoms initially. The 
mean life of one species is т and that of the other i 
5r. The decay products in both cases are stable, А 
plot is made of the total number of radioactive nuclei 
аза function of time. Which of the following figure best 
represents the form of this plot? 


: ; 
(A) (B) 
K, M. 
: е 
(С) (D) 
lx CN, 
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Q23. Three rods made of the same material and hav- 
ing the same cross-section Lave been joined as shown in 
the figure, Each rod is of the same length. The left and 
right ends are kept at 0 °C and 90 °C respectively. The 
temperature of junction of the three rods will be 


E 
we 
E 


(А) 45°C (B) 60°C (C) 30°C (D) 20°C 
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924. In a given process oa an ideal gas, AW 
dQ < 0. Then for the gas, 

(A) the temperature will decrease. 

(B) the volume will increase. 

(C) the pressure will remain constant. 

(D) the temperature will increase. 
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925. БУ plots for two gases during adiabatic pro- 
cesses are shown in the figure. Plots 1 and 2 should 
correspond respectively to 


D 


(A) He and Оз (В) Oz and Не 
(C) Heand Ar (0) Oz and № 
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928. Two beams of light having intensities Z and 47 
interfere to produce a fringe pattern on a screen, The 
phase difference between the beams is 7/2 at point A 
and 7 at point B. Then the difference between resultant 
intensities at A and B is 

(A) 21 (В) 41 (C) 51 (D) 7I 
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927. In a Young's double slit experiment, 12 fringes 
are observed to be formed in a certain segment of the 
screen when light of wavelength 600 nm is used. If the 
wavelength of the light is changed to 400 nm, number 
of fringes observed in the same segment of the sereen is 
given by 

(A) 12 (B) 18 (C) 24 (D) 30 
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928. The electron emitted in beta radiation originates 
from. 

(A) inner orbits of atom, 

(B) free electrons existing in nuclei 

(C) decay of a neutron in a nucleus. 

(D) photon escaping from she nucleus 
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929. A given ray of light suffers minimum deviation 
in an equilateral prism P. Additional prisms Q and R 
of identical shape and of the same material as P are 
now added as shown in the figure, The ray will suffer 


(A) greater deviation. 

(В) no deviation. 

(C) same deviation as before 
(D) total internal reflection. 
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930. The ends of a stretched wire of length L are fixed 
at x= 0 and 2 = L. In one experiment the displace- 
ment of the wire is и = Asin(rz/L)sinzt and en- 
ergy is Ey and in other experiment its displacement 
о = Asin (272/1) sin 2wt and energy is E». Then, 
(А) в=№ (В) Ex = 22, 

(C) №=4 (D) Е» = 16, 
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931. Two pulses in a stretched string, whose centres 
are initially 8 em apart, are moving towards each other 
as shown in the figure, The speed of each pulse 
2em/s. After 2s the total energy of the pulses will 
be 


(A) zero. 
(В) purely kinetic 

(C) purely potential, 

(D) partly kinetic and partly potenti 
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932. In the given circuit, it is observed that the cur- 
rent. is independent of the value of the resistance Re. 
‘Then the resistance values must satisfy 


в 
i EN 
| m dm 


i fiaRs = RaRa Re 
He + = В + В 
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933. A wire of length L and three identical cells of 
negligible internal resistances are connected in series. 
Due to the current, the temperature of the wire is raised 
by AT in time t. А number N of similar cells is now 
connected in series with a wire of the same material and. 
cross-section but of length 2L. The temperature of the 
wire is raised by the same amount AT in the same time, 
The value of N 
(A) 4 (B) 6 (C) 8 (D) 9 
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Q34. In the given circuit, with steady current, the po- 
tential difference across the capacitor must be 


Y 
5 B, 
Е 
ye 
Ly 
зу R 


(A) V (B) V/2 (C) V/3 (0) 2V/3 
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935. Three positive charges of equal value д are placed 
at the vertices of an equilateral triangle, The resulting 
lines of force should be sketched wy in 


(А) | (в) 
NZ 
3 Е 
(С) NM (D) 
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Маш Рарег 


‘The main paper in physics is of 2 hour duration. It has 
15 questions of total marks 100, 


1003 
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Descriptive 


‘There are 15 questions in total. Solve all of them. 
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91. In a nuclear reactor #5U undergoes fission liber- 
ating 200 MeV of energy, The reactor has а 10% efi- 
ciency and produces 1000 MW power. If the reactor 
to function for 10 years, find the total mass of uranium. 
required. 
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92. A nucleus at rest undergoes a decay emitting an a- 
particle of de-Broglie wavelength, A = 5.76 x 1075 m. 
Ifthe mass of the daughter nucleus is 223,610 u and that. 
of the a-particle is 4.002 u, determine the total kinetic 
energy in the final state. Hence obtain the mass of the 
parent nucleus in u. [1 u = 931470 MeV /c?.] 
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93. A radioactive nucleus X decays to a nucleus Y 
with a decay constant Ay = 0.157, Y further de 
cays to a stable nucleus Z with a decay constant 
№ = 1/30 573. Initially, there are only X nuclei and 
their mmber is № = 10%. Set up the rate equa- 
tions for the populations of X, Y and Z. The рор- 
ulation of Y nucleus as a function of time is given by 
Ny(t) = зау. [exp( yt) — exp(—Axt)]. Find the time 
at which Ñ, is maximum and determine the populations 
of X and Z at that instant 
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94. An ice cube of mass 0.1 kg at 0 "C is placed in 
an isolated container which is at 227 "C. The specific 
heat 5 of the container varies with temperature T ac- 
cording to the empirical relation S = А + BT, where 
A = 100 cal/(kg К) and В = 2 x 10-2 cal/(kg КЭ). 1f 
the final temperature of the container is 27 "C, deter- 
mine the mass of the container. [Latent heat of fu- 
sion for water = 8 x 10* cal/kg, specific heat of water 
108 cal/(kg К). 
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95. A monatomic ideal gas of two moles is taken 
through а cyclic process starting from A as shown in 
the figure. The volume табо are Vg/Va = 2 and 


Vp/Va = 4. If the temperature Ta at А is 27 "C, cal- 
culate, [Give answer in terms of the gas constant №] 
у 
wir? с 
№ в 
Val 
om mT 


(a) the temperature of the gas at point В. 

(b) heat absorbed or released by the gas in each process 

(c) the total work done by the gas during the complete 
cycle. 
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96. А 5m long cylindrical steel wire with radius 
2х 107 m is suspended vertically from а rigid support 
and carries a bob of mass 100 kg at the other end. If the 
bob gets snapped, calculate the change in temperature 
of the wire ignoring losses. [For the steel wire: Young's 
modulus = 2.1 x 10! Pa, density = 7860 kg/m, spe- 
cific heat = 420 J/kg K.] 
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Q7. The refractive indices of the crown glass for blue. 
and red light are 1.51 and 1.49 respectively and those of 
the flint glass are 1.77 and 1.73 respectively. An isosce- 
les prism of angle 6° is made of crown glass. A beam 
of white light is incident at a small angle on this prism. 
‘The other flint. glass isosceles prism is combined with 
ss prism such that there is no deviation of 


(a) Determine the angle of the flint glass prism. 
(b) Calculate the net dispersion of the combined sys- 
tem. 
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Q8. A vessel ABCD of 10 em width has two small slits 
Sı and Sz sealed with identical glass plates of equal 
thickness, The distance between the slits is 0.8 mm. 
POQ is the line perpendicular to the plane AB and 
passing through 0, the middle point of Sj and $5. A 
monochromatic light source is kept at S, 40 cm below P 
and 2 m from the vessel, to illuminate the slits as shown 
‘the figure, Calculate the position of the central bright 
fringe on the other wall CD with respect to the 
OQ. Now, a liquid is poured into the vessel and filled 
upto OQ. The central bright fringe is found to be at Q. 
Calculate the refractive index of the liquid. 


‘Wem 
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Q9. A thin convex lens of refractive index 3/2 is placed 
on a horizontal plane mirror as shown in the figure. The 
space between the lens and the mirror is then filled with 
water of refractive index 4/3. It is found that when 
а point object is placed 15cm above the lens on its 
principal axis, the object coincides with its own image. 
On repeating with another liquid, the object and the 
inge again coincide at a distance of 25 cm from the 
Jens. Calculate the refractive index of the liquid. 


[sae m] 
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910. А boat is travelling in a river with a speed of 
10 m/s along the stream flowing with a speed of 2 m/s. 
From this boat a sound transmitter is lowered into the 
river through a rigid support. The wavelength of the 
sound emitted from the transmitter inside the water is 
1445 mm. Assume the attenuation of sound in water 
and air is negligible. 
(a) What will be the frequency detected by a receiver 
kept inside the river downstream? 
(b) The transmitter and the receiver are now pulled 
up into air. The air is blowing with a speed of 
5 m/s in the direction opposite to the river stream. 
Determine the frequeney of the sound detected by 
the receiver? 
[Temperature of the air and water = 20°C, Density of 
river water = 103 kg/m, Bulk modulus of the water 
2.088 x 10° Pa, R = 831 J/mol K, Mean molecular 
mass of air = 28.8 x 1073 kg/mol, Cp/Cy of air = 1.4] 
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Q11. A small ball of mass2 x 10-3 kg having a charge 
of 1 pC is suspended by a string of length 0. m. An- 
other identical ball having the same charge is kept at 
the point of suspension. Determine the minimum hor- 
izontal velocity which should be imparted to the lower 
ball, so that it can make complete revolution. 
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912. А current of 10 A flows around a closed path in 
a circuit which is in the horizontal plane as shown in 
the figure, The circuit consists of eight alternating arcs 
of radii ry =0.08 m and rp=0.12 m. Each are subtends 
same angle at the centre. 


(a) Find the magnetic field produced by this circuit at 
the centre, 

(b) An infinitely long straight wire carrying a current 
of 10 A is passing through the centre of the above 
circuit. vertically with the direction of the current 
being into the plane of the circuit. What is the force 
acting on the wire at the centre due to the current 
in the circuit? What is the force acting on the arc 
AC and the straight segment CD due to the current. 
at the centre? 
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913. An inductor of inductance L = 400 mH and re- 
sistors of resistance Ry = 20 and Rz = 29 are con- 
nected to a battery of emf Æ = 12 V as shown in the 
figure. The internal resistance of the battery is negligi- 
ble. The switch $ is closed at time Ё — 0. What is the 
potential drop across L as a function of time? After the 
steady state is reached, the switch is opened. What 
the direction and the magnitude of current through Ry 
as a function of time? 
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914. Two heavy metallic plates are joined together. 
at 90° to each other. A laminar sheet of mass 30 kg 
is hinged at the line AB jcining the two heavy metal- 
lic plates. The hinges are frictionless, The moment of 
inertia of the laminar sheet about an axis parallel to 
АВ and passing through its centre of mass is 1.2 kg ш 
‘Two rubber obstacles P and Q are fixed, one on each 
metallic plate at a distance 0.5 m from the line АВ. 
‘This distance is chosen, so that the reaction due to the 
hinges on the laminar sheet is zero during the impact. 
Initially the laminar sheet bits one of the obstacles with 
an angular velocity 1 rad/s and turus back. If the im- 
pulse on the sheet due to each obstacle is 6 N s, 


(a) Find the location of th» centre of mass of the lam- 
inar sheet from AB. 

(b) At what angular velocity does the laminar sheet 
come back after the first impact? 

(c) After how many impacts, does the laminar sheet 
come to rest? 
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915. A car P is moving with a uniform speed of 
5V3 m/s towards a carriage of mass 9 kg at rest kept on 
the rails at a point В as shown in the figure, The height 
AC is 120 m. Cannon balls of 1 kg are fired from the 
car with an initial velocity 100 m/s at an angle 30° with 
‘the horizontal, The first cannon ball hits the stationary 
carriage after a time fo and sticks to it. Determine fo. 


“с 

P 
Гы 
д в 


At fo, a second cannon ball is fired. Assume that 
the resistive force between the rails and the carriage is 
constant and ignore the vertical motion of the carriage 
‘throughout. If the second ball also hits and sticks to 
the carriage, what will be the horizontal velocity of the 
carriage just after the second impact? 
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Answers 


1. 3,84 x 10* kg side CD, и = 1.0016 

2. (a) 6.3 MeV (b) 227.618 n9. 1.6 

3. (a) dNZ/dé = —AgNz, 10. (a) 1.0009 x 10° Hz 
aN, /at №, — (b) 1.0304 x 10° Hz 
№, AN, /dt = А. 11. 5.86 m/s 
(b) 16.485 (e) L92 х 12, (a) 6.54% 10-5 T 


1019, 2.32 x 109 (b) Zero, Zero, 
4. 0.495 kg 8.1 x 10° N 
5. (a) 600K (b) 15008, 13. 12e-9 V, бе А 

83L6R, —900R, (clockwise) 

—831.6R (c) 600. 14. (a) 0.1 m (b) 1 rad/s 
6. 4139 x 10^ K (c) sheet will never 
т. (a) 4° (b) -004* come to rest 


8. 2cm above point Qon 15. 12s, 15.75 m/s 
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Screening Paper 


‘The physics part of screening paper has 35 obj 
questions of the single option correet type. 
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One Option Correct. 


Each question has four options (А), (В), (С 
(D). Only one of these four options is correct. 


and 
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Q1. A large open tank has two holes in the wall. One 
is a square hole of side L at a depth y from the top and 
the other is a circular hole of radius R at a depth 4y 
from the top, When the tank is completely filled with 
water, the quantities of water flowing out per second 
from both holes are the same. Then, R is equal to 

(A) Ag (B) 2L (C) L (D) Е 
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92. Three charges Q, +4 and +9 are placed at the ver- 
tives of a right angled isosceles triangle as shown in the 
figure. The net electrostatic energy of the configuration 
is zero, if Q is equal to 


(A) т (В) 345 (©) 20 (D) +4 
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93. A parallel plate capacitor of area A, plate sepa- 
ration d and capacitance C is filled with three different. 
dielectric materials having dielectric constants K1, Ka 
and Ks as shown. Ifa single dielectric material is to be 
used to have the same capacitance C in this capacitor 
then its dielectric constant K is given by 
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94. An infinitely long conductor РОВ is bent to form 
a right angle as shown in the figure, A current / flows 
through РОВ. The magnetic field due to this current at 
the point М is Ву. Now, another infinitely long straight 
conductor QS is connected at Q, so that current is 1/2 
in QR as well as in QS, the current in PQ remaining 
unchanged. The magnetic field at M is now By. The 
ratio By / Ва is given by 


м 


(A) 1/2 (B) 1 (С) 2/3 (D) 2 
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95. An ionized gas contains both positive and negative 

ions, If it is subjected simultaneously to an electric 

field along the +r direction and a magnetic field along 

+2 direction, then 

(A) positive ions deflect towards +y direction and neg- 
ative ions towards —y direction, 

(B) all ions deflect towards +y direction, 

(C) all ions deflect towards — direction, 

(D) positive ions deflect towards —y direc 
ative ions towards +y direction. 
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96. A particle of charge q and mass m moves in a 
circular orbit of radius r with angular speed w. The 
ratio of the magnitude of its magnetic moment to that. 
of its angular momentum depends on 

(A) wand q (В) w, q and m 

(С) пашат (0) w and m. 
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От. Two long parallel wires are at a distance 2d apart. 
‘They сапу steady equal currents flowing out of the 
plane of the paper as shown. The variation of the mag- 
netic field В along the line ХХ" is given by 


“ws А (в) 5 à Xs 


ia wa 

© AY O раш 
x tox" Хх 
БЕЯ YN 


aa 
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98. A uniform but time-varying magnetic field B(t) 
exists in a circular region of radius а and is directed 
into the plane of the paper as shown, The magnitude 
of the induced electric field at point P at a distance r 
from the centre of the circular region, 


(A) is zero (B) decreases as 1/r. 
(C) increases авг (D) decreases as 1/72 


IIT JEE 2000 Screening Peper 1032 


Q9. A coil of wire having finite inductance and resis- 
tance has a conducting ring placed co-axially within it. 
‘The coil is connected to a battery at time t = 0, so that 
а time dependent current f(t) starts flowing through 
the coil. If (0) is the current induced in the ring and 
B(t) is the magnetic field at the axis of the coil due 
to A(t), then as a function of time f > 0, the product 
Tot) B(t). 

(A) increases with 
IB) decreases with time. 

(C) does not vary with time. 

(0) passes through a maximum. 


time. 


IIT JEE 2000 Screening Peper 1033 
910. Two vibrating strings of the same material but of 
lengths L and 2L have radii 2r and r respectively. They 
are stretched under the same tension, Both the strings 
vibrate in their fundamental modes, the one of length 
L with frequency vı and the other with frequency v. 
‘The ratio v/v is given by 

(A) 2 (B) 4 (C) 8 (D) 1 
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Q11. The period of oscillation of simple pendulum of 
length L suspended from the roof of the vehicle which 
moves without friction, down an inclined plane of incli- 
nation а, is given by 


(A) 2m uer (B) us 


© (D) 2r s 
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912. An equilateral triangle ABC formed from a uni- 
form wire has two small ideatical beads initially located. 
at А. The triangle is set rotating about the vertical axis 
AO. Then the beads are released from rest simultane- 
ously and allowed to slide down, one along AB and other 
along AC as shown, Neglecting frictional effects, the 
quantities that are conserved as beads slide down are 


(A) angular velocity and total energy (kinetic and po- 
tential). 

(B) total angular momentum and total energy. 

(C) angular velocity and moment of inertia about the 
axis of rotation. 

(D) total angular momentum and moment of inertia 
about the axis of rotation. 
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913. A cubical block of side L rests on a rough hori- 
zontal surface with coefficient of friction ji. A horizontal 
force F is applied on the block as shown. If the coef 
ficient of friction is sufficiently high, so that the block 
does not slide before toppling, the minimum force re- 
quired to topple the block is 


Po 


(A) infinitesimal (В) me/4 
(C) mg/2 (D) та! — и) 
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Q14. A thin wire of length L and uniform linear mass 
density p is bent into a circular loop with centre at O 
as shown, "The moment of inertia of the loop about the. 
axis XX’ is 


x x 


(A) 28 (В) ия (С) BE (D) BE 
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Q15. A wind-powered generator converts wind energy 
into electric energy. Assume that the generator con- 
verts a fixed fraction of the wind energy intercepted by 
its blades into electric energy. For wind speed v, the 
electric power output will he proportional to 

(A) v (B) 02 (C) vè (D) of 
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Q16. A long horizontal rod has a bead which can slide 
along its length and is initially placed at a distance L 
from one end A of the rod. The rod is set in angular 
motion about A with a constant angular acceleration a. 
If the coefficient of friction between the rod and bead 
is pi, and gravity is neglected, then the time after which 
the bead starts slipping is 

(A) VE (B) Ye (C) у (D) infinitesimal 


IIT JEE 2000 Screening Peper 1040 


917. A ball is dropped vertically from a height d above 
the ground. It hits the ground and bounces up vertically 
to a height 4/2. Neglecting subsequent motion and air 
resistance, its velocity v varies with height / above the 
ground as 


(ay (в) " 
о ^ o ^ 
©" D)” 
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918. The dimensions of 22 (where ey is permittiv- 
ity of free space and E is electric field) is 

(А) |MLT-] (в) [MI?T-2] 

(©) мы] (р) [MLT] 
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919. Two monatomic ideal gases 1 and 2 of molecular 
masses mı and my respectively are enclosed in separate 
containers kept at the same temperature. The ratio of 
‘the speed of sound in gas 1 to that in the gas 2 is given 


by 
(a) fm (в) ура (O 2: (D) ва 
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Q20. Imagine an atom made up of proton and a hy- 
pothetical particle of double the mass of the electron 
but having the same charge as the electron. Apply the 
Bohr atom model and consider all possible transitions 
of this hypothetical partice to the first excited level. 
‘The longest wavelength photon that will be emitted has 
wavelength А (given in terms of the Rydberg constant. 
R for the hydrogen atom) equal to 

(А) 9/(R) (B) 36/(5R) (С) 18/(5R) (D) 4/R 
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921. Two radioactive materials X; and Хо have decay 
constants 10A and A respectively. If initially they have 
‘the same number of nuclei, then the ratio of the number 
of nuclei of X, to that of Ха will be 1/e after a time 
(A) 1/(10А) (B) 1/(11A) (C) 11/(10A) (D) 1/(93) 
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922. The electron in a hydrogen atom makes a tran- 

sition from an excited state to the ground state. Which 

of the following statement is true? 

(A) Its kinetic energy increases and its potential and 
total energies decrease. 

(B) Its kinetic energy decreases, potential energy in- 
creases and its total energy remains the same. 

(C) Tts kinetic and total energy decrease and its poten- 
tial energy increases, 

(D) Its kinetic, potential and total energies decrease. 
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Q23. А monatomic ideal gas, initially at temperature 
Ti, is enclosed in a cylinder fitted with a frictionless 
piston. The gas is allowed to expand adiabatically to 
а temperature Tz by releasing the piston suddenly. If 
Ly and La are the lengths cf the gas column before and 
after expansion respectively, then T;/T is given by 
(A) (a/LaY (В) а/а 

(C) 12/0 (D) aL, 
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924. The plots of intensity versus wavelength for 
three black bodies at temperatures Tj, Tz and Ta, re- 


spectively are as shown in the figure. Their tempera- 
tures are such that 


(A)n»T»T7, (В T: >T >T 
(0527271 (D) h>h>h 
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925. A block of ice at —10 °С is slowly heated and 
converted to steam at 100°C. Which of the following 
curves represents the phenomenon qualitatively? 


(А) ғ 
E 


Temp. 


ый 


Heat supplied 


[n 
é N 
пагар 

ФЕ 


Heat supplied 
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926. Starting with the same initial conditions, an 
ideal gas expands from volume Vi to Vz in three dif- 
ferent ways. The work done by the gas is Wi if the 
process is purely isothermal, Wa if purely isobaric and 
Ws if purely adiabatic, then, 

(A) Wo» Wi Из (B) Wa Ws > Wi 

(C) Wi» Wa» Из (D) Wi > Ws > Wz 
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927. An ideal gas is initially at temperature T and 
volume V. Its volume is increased by AV due to an 
increase in temperature AT, pressure remaining con- 
stant, The quantity б = $ 3% varies with temperature 


ta ar 
i в 5 
w (в) P 
T  TYAT T  TVAT 
с) ; (D) : 
( 
№ 


т 
T T+ar т ТЕМ 
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928. Electrons with energy 80 keV are incident on the. 

‘tungsten target of an X-ray tube. K-shell electrons of 

‘tungsten have 72.5 keV energy. X-rays emitted by the 

‘tube contains only, 

(A) a continuous X-ray spectrum (Bremsstrahlung) 
with a minimum wavelength of = 0.155 А. 

(В) a continuous X-ray spectrum with all wavelengths. 

(C) the characteristic X-ray spectrum of tungsten. 

(0) а continuous X-ray spectrum with a minimum 
wavelength of 2s 0.155 А and the characteristic X- 
ray spectrum of tungsten. 
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929. In a compound microscope, the intermediate im- 
age is 

(A) virtual, erect and magnified 

(В) real, erect and magnified 

(C) real, inverted and magnified 

(D) virtual, erect and reduced 
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930. A hollow double concave lens is made of very 
thin transparent material. It can be filled with air or 
either of two liquids Lı or Lz having refractive indices 
m and nz, respectively (n > m > 1). The lens will 
diverge parallel beam of light if it is filled with 

(A) air and placed in air, 

(В) air and immersed in Za. 

(С) Lı and imme Ly 

(0) La and immersed in Га. 


IIT JEE 2000 Screening Peper 1054 
Q31. A diverging beam of light from a source 5 having 
divergence angle o falls symmetrically on a glass slab as 
shown. The angles of incidence of the two extreme rays 
are equal. If the thickness of the glass slab is ¢ and its 
refractive index is n, then the divergence angle of the. 
emergent beam is 


Б7р 


(А) zero (В) а (C) зи (1/n) (D) 2%? (1/n) 
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932. Ina double slit experiment instead of taking slits 
of equal widths, one slit is made twice as wide as the 
other, then in the interference pattern, 

(A) the intensities of both maxima and the minima in- 


(В) the intensity of the maxima increases and the min- 
ima has zero intensity. 

(C) the intensity of maxima decreases and that of min- 
ima increases. 


(D) the intensity of maxima decreases and the minima 
has zero intensity. 
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933. A point source of light S, placed at a distance 
L in front of the centre of a plane mirror of width d, 
hangs vertically on a wall. А man walks in front of the 
mirror along a line parallel to the mirror at a distance 
2L from it as shown. The greatest distance over which 
he can see image of the light source in the mirror is 


(A) d/2 (B) d (C) 2d (Dj за 
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934. A rectangular glass slab ABCD of refractive in- 
dex m is immersed in water of refractive index ną (m > 
ma). A ray of light is incident at the surface AB of the 
slab as shown, The maximum value of the angle of inci- 
dence amaz, stich that the ray comes out only from the 
other surface CD, is given by 


(A) sin! [22 cos (бт 22) 
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935. А train moves towards а stationary observer with 
speed 34 m/s. The train sounds a whistle and its fre- 
quency registered by the observer is fi. If the trai 
speed is reduced to 17 m/s, the frequency registered 
Ja. If the speed of sound is 340 m/s then the ratio fa/fa 


(A) 18/19 (В) 1/2 (C) 2 (D) 19/18 
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LA 19. 
2. B 20. 
3. B 21. 
ac 22. 
5С 23. 
БЕЧ 24. 
8. B A 
9. D =a 
10. D 5 
11. A 2 
12. В 2. 
inc 30. 
14. D 31. 
15. С 32. 
16. А 33. 
37. А за. 
18. С 35. 
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Маш Рарег 


‘The main paper in physics is of 2 hour duration. It has 
10 questions of total marks 100. 


1060 
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Descriptive 


‘The paper has 10 descriptive questions of 10 marks 
each, 

One of these questions has two parts (а) “A В 
drogen like atom of...” and (b) “When a beam of...” 
‘These parts are placed as two different. questions. Sim- 
ilarly, one more question has two parts (a) “A convex 
lens of focal length...” and (b) “A glass plate of re- 
fractive index...". These parts are also placed as two 
different questions. Thus, total number of questions 
given here are 12. Solve all of them. 
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91. A hydrogen like atom of atomic number Z is in 
an excited state of quantum number 2n. It can emit a 
maximum energy photon of 204 eV. If it makes а tran- 
sition to quantum state n, a photon of energy 40.8 eV 
is emitted. Find n, Z and the ground state energy (in 
eV) of this atom. Also calculate the minimum energy 
(in eV) that can be emitted by this atom during de- 
excitation, Ground state energy of hydrogen atom 
— 18.6%. 
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Q2. When a beam of 10.6eV photons of inten- 
sity 2.0 W/m? falls on a platinum surface of area 
1.0 x 1074 m? and work function 5.6 eV, 0.53% of the 
incident photons eject photoelectrons. Find the number 
of photoelectrons emitted per second and their mini 
mum and maximum energies (in eV). [Take 1 eV = 
16x10 1] 
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93. Two moles of an ideal monatomic gas is taken 
through а cycle ABCA as shown in the p-T diagram. 
During the process AB, pressure and temperature of 
the gas vary such that pT = constant. If T = 300 К, 
calculate, [Give answers in terms of the gas constant 


R] 


в 
T 
(a) the work done on the pas in the process AB. 


(b) the heat absorbed or released by the gas in each of 
the processes. 
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94. A convex lens of focal length 15 em and a concave 
mirror of focal length 30 cm are kept with their optic 
axis PQ and RS parallel bu: separated in vertical direc- 
tion by 0.6 em as shown, The distance between the lens 
and mirror is 30cm. An upright object AB of height 
1.2 cm is placed on the optic axis PQ of the lens at a 
distance of 20 em from the lens, If A'B' is the image 
after refraction from the lens and the reflection from 
the mirror, find the distance A'B' from the pole of the 
mirror and obtain its magnification. Also locate posi- 
tions of A’ and В with respect to the optic axis RS. 
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95. A glass plate of refractive index 1.5 is coated with 
a thin layer of thickness t and refractive index 1.8. Light 
of wavelength А travelling in air is incident. normally 
on the layer. Tt is partly reflected at the upper and 
the lower surfaces of the layer and the two reflected 
rays interfere. Write the condition for their constructive 
interference. If A = 648 nm, obtain the least value of t 
for which the rays interfere constructively. 
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96. А 3.6 m long pipe resonates with a source of fre- 
quency 212,5 Hz when water level is at certain height in 
the pipe, Find the heights of water level (from the bot- 
tom of the pipe) at which resonances occur. Neglect end 
correction. Now the pipe is filled to height H(~ 3.6 m). 
А small hole is drilled very close to its bottom and wa- 
ter is allowed to leak. Obtain an expression for the rate 
of fall of water level in the pipe as a function of H. If 
the radii of the pipe and the hole are 2 x 10-2 m and 
1х 10-3 m respectively, calculate the time interval be- 
tween the occurrence of first two resonances. [Speed of 
sound in air is 340 m/s anc g = 10 m/s] 
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QZ. Four point charges +8 uC,-1 uC, —1 uC, and 
+8 uC are fixed at the ponts — /27/2 m, — V/3/2 m, 
+ УГ? m and + /27/2 m respectively on the y-axis. A 
particle of mass 6 x 107“ kg and charge +0.1 uC moves. 
along the x direction. Its speed at z = +00 is wp. Find 
the least value of v for which the particle will cross 
the origin, Also find the kinetic energy of the parti- 
cle at the origin, Assume that space is gravity free. 
x10 Nm? Jc] 
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Q8. A circular loop of radius R is bent along a diame- 
ter and given a shape as shown in the figure, One of the 
semicircles (KNM) lies in the 2-2 plane and the other 
one (KLM) in the у-2 plane with their centres at origin. 
Current J is flowing through each of the semicircles as 
shown in the figure, 


(a) A particle of charge q is released at the origin with 
a velocity 7 = —upi. Find the instantaneous force F 
on the particle. Assume that space is gravity free. 

(b) Ifan external uniform magnetic field Boj is applied 
determine the force F and F on the semicircles 
KLM and KNM due to the field and the net force 
Ё on the loop. 


IIT JEE 2000 Main Paper 1070 


Q9. A thermocol vessel contains 0.5 kg of distilled wa- 
ter at 30 °С. A metal coil of area 5 x 1077 m?, number. 
of turns 100, mass 0.06 kg and resistance 1,69 is Iy- 
ing horizontally at the bottom of the vessel, A uniform 
time varying magnetic fielc is set-up to pass vertically 
through the coil at time £ = 0. The field is first in- 
creased from 0 to 0.8 T at a constant rate between 05 
and 0.2 and then decreased to zero at the same rate 
between 0.25 and 0.45, The cycle is repeated 12000 
times. Make sketches of the current through the coil 
and the power dissipated in the coil as a function of 
time for the first two cycles. Clearly indicate the mag- 
nitudes of the quantities on the axes, Assume that по 
heat is lost to the vessel or the surrounding. Determine 
the final temperature of the water under thermal equi- 
librium. Specific heat of metal = 500 J/kg К and the 
specific heat of water = 4200 J/kg К. Neglect the in- 
dluetance of coil, 
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910. A rod AB of mass M and length L is lying on 

а horizontal frictionless surface. A particle of mass m 

travelling along the surface hits the end A of the rod 

with velocity vo in the direction perpendicular to AB. 

‘The collision is elastic. Afier the collision the particle 

comes to rest. 

(a) Find the ratio m/M. 

(b) A point P on the rod is at rest immediately after 
collision, Find the distance AP. 

(<) Find the linear speed of the point P a time 2L after 
the collision, 
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Q11. In the figure masses mz, mz and M are 20 kg, 
5 kg and 50 kg respectively, The coefficient of friction 
between M and ground is zero. The coefficient of frie- 
tion between ту and M aad between mz and ground 
is 0.3. The pulleys and the strings are massless. The 
string is perfectly horizontal between P; and m and 
also between Ру and ma. The string is perfectly verti- 
cal between Py and Pz. An external horizontal force F 
applied to the mass M. [Take g = 10 m/s?.] 


el 


(a) Draw a free body diagram of mass M, clearly show- 
ing all the forces. 

(b) Let the magnitude of the force of friction between 
ту and M be Л and that between mz and ground 
be fa. For a particular force F it is found that fa = 
2/5. Find Л and fa. Write equations of motion of 
all the masses. Find F, tension in the string and 
acceleration of the masses. 
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912. An object A is kept fixed at the point 2 = 3 m 
and y = 125 m on a plank P raised above the ground. 
At time t = 0 the plank starts moving along the +r di- 
rection with an acceleration 1.5 m/s?, At the same in- 
stant a stone is projected from the origin with a velocity 
T as shown. A stationary person on the ground observes 
the stone hitting the object during its downward motion 
at an angle of 45° to the horizontal. АП the motions are 
г-у plane. Find i and the time after which the stone 
hits the object. [Take g = 10 m/s?.] 


vim) 
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Answers 


dá = 080 Be =k 
217.6 eV, 10.58 eV 

2. 6.22101, zero, 5.0 eV. 

3. (a) 12008 (b) Qaa 
21002, Qsc 
15008, Qca = 831.68 


4) A with 
xin = 
i2m, 24m, 16m, 
Озшщ, —4 = 141 x 


1074 


107 VH, 4355 

LA s 3x 10734 

jw A= 

i 2Bol Ri 

9. Sanc 

10. (a) 4 (b) $L © zs 

1. (b) fi = 30N, f = 
15N, F = 60N, T 
18N, a= 3 m/s? 

12, (3.75% + 6.253) m/s, 
is 
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‘The paper is divided into two parts, (A) and (B). The 
questions in part (A) has (i) objective questions with 
single option correct and (ii) objective questions with 
one or more option(s) correct. The questions in part 
(B) has descriptive questions. Total marks of the paper. 
is 200 and there is no negative marking. 
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One Option Correct 


This section is part (A) of the paper. The section 
has 25 questions. Each question has four options (A), 
(B), (C) and (D). Only one of these four options is cor- 
rect. Bach question is of two mark, 
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91. A thin slice is cut ош of a glass cylinder along a 
plane parallel to its axis. The slice is placed on a flat 
plate as shown. The observed interference fringes from. 
this combination shall be 


ЕН 


C 


(A) straight. 

(B) circular, 

(C) equally spaced. 

(D) having fringe spacing which increases as we go out- 
wards. 
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92. For the circuit shown, which of the following state- 
ments is true? 


$ и 
—— 


(A) with 5, closed, Vi 
(В) with S4 closed, Vi 
(C) with 5, and 5 closed, И 
(D) with 5, and 53 closed, И 


30V, Vo 20V. 
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Q3. Two identical metal plates are given positive 
charges qı and 42 (< qı) respectively. If they are now 
brought close together to form a parallel plate capaci- 
tor with capacitance C, the potential difference between. 
them is 

(A) зе (B) BBB (C) аса (D) ев 
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94. A charged particle is released from rest in a region 
of steady and uniform electric and magnetic fields which 
are parallel to each other. The particle will move in a 
(A) straight line (B) circle (C) helix (D) cycloid 
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95. In the circuit shown Р + R, the reading of gal- 
vanometer is same with switch 5 open or closed. Then, 


(A) In = Ig (B) Ip = 16 (C) Iq = Ia (D) Io = In 
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Q6. A circular loop of radius R, carrying current I, 
lies in z-y plane with its centre at origin. The total 
magnetic flux through 4- plane is 

(A) directly proportional to 1. 

(В) directly proportional to R. 

(C) inversely proportional to R. 

(D) zero. 
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Q7. Two identical circular loops of metal wire are lying 
on a table without touching each other. Loop A carries 
а current which increases with time, In response, the 
loop B 

(A) remains stationary. 

(В) is attracted by the loop A. 

(С) is repelled by the loop A. 

(D) rotates about its CM, with CM fixed. 
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Q8. A coil of inductance 54 mH and resistance 6 
connected to à 12 V battery. The current in the coil is 
1 А at approximately the time 

(A) 5005 (B) 205 (C) 35ms (D) 1 ms 
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Q9. A closed compartment containing gas is moving 
with some acceleration in Lorizontal direction. Neglect 
effect of gravity. Then, the pressure in the compartment. 
is 
(A) same everywhere (В) lower in front side 
(C) lower in rear side (D) lower in upper side 
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910. A particle free to move along the z-axis has 

potential energy given by U(x) for 

00 € < +00, where k is a positive constant of ap- 

propriate dimensions. Then, 

(A) at points away from the origin, the particle is 
unstable equilibrium, 

(В) for any finite non-zero value of z, there is a force 
directed away from the origin. 

(C) if its total mechanical energy is k/2, it has its min- 
imum kinetic energy at origin. 

(D) for small displacement from 2 = 0, the motion is 
simple harmonic. 
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Q11. A cubical block of side a is moving with velocity 
v on a horizontal smooth plane (see figure). It hits a 
ridge at point О. The angular speed of the block after 
it hits O is 
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912. A smooth sphere A is moving on a frictionless 
horizontal plane with angular velocity w and centre of 
mass velocity v. It collides elastically and head on with 
an identical sphere В at rest, Neglect friction every- 
where. After the collision their angular speeds are wa 
and wg respectively. Then, 

(А) wa <ов (В) wa=wp (C) о, 


w (D) we 


IIT JEE 1999 Paper 1090 


913. А concave lens of glass, refractive index 1.5, has. 
both surfaces of the same radius of curvature R. On 
immersion in a medium of refractive index 1,75, it will 
behave as a. 

(A) convergent lens of focal length 3.52 

(8) convergent lens of focal length 3.08 

(C) divergent lens of focal length 3.58 

(D) divergent lens of focal length 3.0 
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914. Yellow light is used in a single slit diffraction 
experiment with slit width of 0.6 mm. If yellow light 
is replaced by X-rays, thea the observed pattern will 
reveal 

(A) that the central maximum is narrower. 

(В) more number of fringes. 

(C) less number of fringes. 

(D) no diffraction pattern, 
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915. А disc of mass M and radius R is rolling with 
angular speed w on a horizontal plane (see figure). The 
magnitude of angular momentum of the disc about the 
origin O is 


(A) Jarry (B) MR?w (C) ЗМ Rw (D) 2M RAW 
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916. A spring of force constant k is cut into two pieces 
such that one piece is double the length of the other. 
‘Then the long piece will have a force constant of 

(A) 3k (B) $k (C) 3k (D) 6k 


IIT JEE 1999 Paper 1094 


QT. A gas mixture consists of 2 mol of oxygen and 
4 mol of argon at temperature T. Neglecting all vibra- 
tional modes, the total internal energy of the system 
is 


(A) авт (В) 15RT (С) SRT (D) ПАТ 
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Q18. The ratio of the speed of sound in nitrogen gas 
to that in helium gas, at 300 K is 


(А) 2/7 (B) И (C) v3/5 (D) v6/5 
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919. In L0 s, a particle goes from point A to point В, 
moving in a semicircle of radius 1.0 m (see figure). The 
magnitude of the average velocity is 


А в 


(А) 3.14 m/s (В) 2.0 m/s (C) 1.0 m/s (D) zero 
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Q20. Binding energy per nucleon versus mass number 
curve for nuclei is shown in the figure, W, X, Y and 
Z are four nuclei indicated on the curve. The process 
that would release energy is 


nucleon in MeV 


Binding energy per 


o 30 00 90 120 
Mass mmber of nuclei 


(А) ¥ +22 (BWoX-«Z 
(Фи (D) Xs¥4z 
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Q21. Which of the following is a correct statement? 
(A) Beta rays are same as cathode rays. 

(B) Gamma rays are high energy neutrons, 

(©) Alpha particles are singly ionized helium atoms. 
(D) Protons and neutrons have exactly the same mass. 
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922. A particle of mass M at rest decays into two par- 
ticles of masses m, and m; having non-zero velocities, 
The ratio of the de-Broglie wavelengths of the particles, 
АА is 

(A) m/m (B) ma/m; (C) 1 (D) ута/утт 
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923. In hydrogen spectrum the wavelength of Ha line. 
is 656 nm; whereas in the spectrum of a distant galaxy 
Но line wavelength is 700 ши. Estimated speed of 
galaxy with respect to earth is 

(A) 2x10 m/s (B) 2x 107 m/s 

(С) 2x 10% m/s. (D) 2x 10° m/s 
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924. Ne nucleus, after absorbing energy, decays into 
‘two o-particles and an unknown nucleus. The unknown 
nucleus is 

(А) nitrogen (B) carbon (C) boron (D) oxygen. 
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925. Order of magnitude of density of uranium mi- 
deus is [Given Ro = 121х107 m and my 
1.67 x 1077 kg] 

(А) 1020 kg/m? (В) 10 kg/m* 

(C) 10 9 kg/m? — (D) 10! kg/m? 
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One or More Option(s) Correct 

This section is also part (A) of the paper. The 
section has 10 questions. Each question has four options 
(A), (B), (C) and (D). One or more than one of these 
four option(s) is(are) correct. Each question is of three 
marks. 
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928. The coordinates of а particle moving in a plane 

are given by £ = acospt and у = bsinpt where a, 

b(« a) and p аге positive constants of appropriate di- 

mensions. Then, 

(A) the path of the particle is an ellipse, 

(В) the velocity and acceleration of the particle are nor- 
mal to each other at t= 2 

(C) the acceleration of the particle is always directed 
towards a focus. 

(D) the distance travelled by the partic 
val t=O tot = Z isa. 


in time inter- 
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927. Three simple harmonic motions in the same di- 
rection having the same amplitude and same period are 
superimposed. If each differ in phase from the next by 
45°, then, 

(A) the resultant amplitude is (1+ v2) a. 

(В) the phase of the resultant motion relative to the 
first is 90°. 

(С) the energy associated wit 
(3-22) ti 
single motion. 

(D) the resulting motion is not simple harmonic. 


the resulting motion 
mes the energy associated with any 
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928. Asa wave propagates, 

(A) the wave intensity remains constant for a plane 
wave. 

(B) the wave intensity decreases as the inverse of the 
distance from the source for a spherical wave. 

(C) the wave intensity decreases as the inverse square 
of the distance from the source for a spherical wav 

(D) total intensity of the soherical wave over spherical 
surface centred at the source remains constant at 
all times. 
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Q29. The half-life period of a radioactive element z 
is same as the mean life time of another radioactive 
element y. Initially both of them have the same number 
of atoms, Then, 

(A) z and у have the same decay rate initially. 

В) z and y decay at the sime rate always. 

(С) y will decay at a faster rate than z. 

ID) will decay at а faster rate than y. 
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930. A bimetallic strip is formed out of two identical 
strips - one of copper and the other of brass. The co- 
efficients of linear expansion of the two metals are ac 
and ав. On heating, the temperature of the strip goes 
up by AT and the strip beads to form an are of radius 
of curvature R. Then, R is 

(A) proportional to АТ. 

(В) inversely proportional to AT. 

(C) proportional to [ав — acl- 

(D) inversely proportional to [ав — ac]. 
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931. An elliptical cavity is carved within a perfect 
conductor. А positive charge q is placed at the cen- 
tre of the cavity. The points A and В are on the cavity 
surface as shown in the figure. Then, 


d 


(A) electric field near A in the cavity = electric field 
near В in the cavity. 

(В) charge density at А = charge density at В. 

(С) potential at А = potential at B. 

(D) total electric field flux through the surface of the 
cavity is q/ep. 
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932. u(x,t) = обдув represents a moving pulse 
where z and y are in metre and t is in second. Then, 
(A) pulse is moving in positive x direction. 

(B) in 2s it will travel a distance of 2.5 m. 

(C) its maximum displacement is 0.16 m. 

(D) it is a symmetrie pulse, 
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933. In a wave motion y = asin(kz — wt), y can rep- 
resent 

(A) electric field (В) magnetic field 

(C) displacement (0) pressure 
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Q34. Standing waves can be produced 

(A) on a string clamped at both ends. 

(B) on a string clamped at one end and free at the 
other, 

(C) when incident wave gets reflected from a wall 

(D) when two identical waves with a phase difference 
of 7 are moving in the same direction. 
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935. When a potential difference is applied across, the 
current passing through 

(A) an insulator at 0 К is zero. 

(В) a semiconductor at 0 К is zero, 

(С) a metal at O K is finite. 

(D) a p-n diode at 300 K is finite, if it is reverse biased. 
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Descriptive 


‘This section is part (B) of the paper. There are 12 
descriptive questions in t 
10 


ection. Each question is of 
narks. Note: In original paper, one of the question 
divided into two parts (a) “A quarter cylinder 
and (b) “Photoelectrons are emitted, 
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Q36. A magnetic field В = (Boy/a) k is acting into 
the paper in the +2 direction. Во and a are positive. 
constants. A square loop EFGH of side a, mass m 
and resistance R in x-y plane starts falling under the 
influence of gravity. Note the directions of z and y in 
the figure. Find, 


o 


у 


(a) the induced current in the loop and indicate its di- 
rection. 

(b) the total Lorentz force acting on the loop and indi- 
cate its direction. 

(c) an expression for the speed of the loop v(t) and its 
terminal velocity. 
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937. The region between z = 0 and z = L is filled 

with uniform magnetic field —Bok. A particle of mass 

т, positive charge q and velocity eoi travels along a-axis 

and enters the region of the magnetic field, Neglect the 

gravity throughout the question. 

(a) Find the value of L if the particle emerges from the 

on of magnetic field with its final velocity at an 

angle 30° to its initial velocity. 

(b) Find the final velocity of the particle and the time 
spent by it in the magnetic field, if the magnetic 
field now expands to 2.1. 
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938. A wooden stick of length L, radius R and den- 
sity р has a small metal piece of mass m (of negligible 
volume) attached to its ore end. Find the minimum. 
value for the mass m (in terms of given parameters) 
that would make the stick float vertically in equilib- 
rium in a liquid of density о (> p). 
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939. A long wire РОВ is made by joining two wires 

PQ and QR of equal radii, PQ has length 4.8 m and 

mass 0.06 kg. QR has length 2.56 m and mass 0.2 kg. 

‘The wire РОВ is under a tension of 80 N. A sinusoidal 

wave pulse of amplitude 35 cm is sent along the wire 

PQ from the end P. No power is dissipated during the 

propagation of the wave pulse. Calculate, 

(a) the time taken by the wave pulse to reach the other 
end R. 

(b) the amplitude of the reflected and transmitted wave 
pulse after the incident wave pulse crosses the joint 


Q. 
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940. А quarter cylinder of radius R and refractive in- 
dex 1.5 is placed on a table, A point object P is kept at 
а distance mR from it, Find the value of m for which 
a ray from P will emerge parallel to the table as shown 
in the figure, 
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Q41. The з-у plane is the boundary between two 
transparent media. Medium 1 with 2 > 0 has a refrac- 
tive index 2 and medium 2 with 2 < 0 has refractive 
ies УЗ. А ray of light in medium 1, given by vector 

= 6V3i + 8V3j — 10k, is incident on the plane of 
ан Find the unit vector in the direction of the 
refracted ray in medium 2. 
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942. Young's double slit experiment is done in a 
medium of refractive index 1/3. A light of 600 nm wave- 
length is falling on the slits having 0-45 mm separation. 
‘The lower slit 85 is covered by thin glass sheet of thick- 
ness 104 um and refractive index 1.5. The interference 
pattern is observed on a screen placed 1.5 m from the 
slits as shown in the figure, 


(a) Find the location of central maximum (bright fringe 
with zero path difference) on the y-axis. 

(b) Find the light intensity at point О relative to the 
‘maximum fringe intensity. 

(<) Now, if 600 nm light is replaced by white light of 
range 400 nm to 700 nm, find the wavelengths of 
the light that form maxima exactly at point О. 

[АП wavelengths in the problem are for the given 

medium of refractive index 4/3. Ignore dispersion.) 
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Q43. Two moles of an ideal monatomic gas initially at 

pressure ру and volume Vj undergo an adiabatic com- 

pression until its volume is Vo. Then the gas is given 

heat Q at constant volume V2. [Give answer in terms 

of pi, Vi, Va, Q and R] 

(a) Sketch the complete process on a д-У diagram. 

(b) Find the total work done by the gas, the total 
change in its internal energy and the final temper- 
ature of the gas. 
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944. А man pushes a cylinder of mass m; with the 
help ofa plank of mass ma és shown in the figure, There 
is no slipping at any contact, The horizontal component 
of the force applied by the man is F. Find, 


Po та 


(a) the accelerations of the plank and the centre of mass 


of the cylinder. 
(b) the magnitudes and directions of frictional forces at 


contact point. 
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945. Two blocks of mass 2 kg and M are at rest on. 
ап inclined plane and are separated by a distance of 
6.0 m as shown. The coefficient of friction between each 
block and the inclined plane is 0.25, The 2 kg block 
is given a velocity of 10.0m/s up the inclined plane. 
10 collides with M, comes back and has a velocity of 
when it reaches its initial position. The other 
block M after the collision moves 0.5 m up and comes 
to rest, Calculate the coefficient of restitution between 
‘the blocks and the mass of the block M. [Take sing = 
tan @ = 0.05 and g = 10 m/s? | 
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946. A particle is suspended vertically from а point 
O by an inextensible massless string of length 2. A 
vertical line AB is at a distance L/8 from O as shown 
in the figure, The object is given a horizontal velocity 
и. At some point, its motion ceases to be circular and 
eventually the object passes through the line AB. At the 
instant of crossing AB, its velocity is horizontal. Find 
u 
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Q47. Photelectrons are emitted when 400 nm radia- 
tion is incident on a surface of work function 1.9 eV. 
‘These photoelectrons pass through a region containing 
‘-particles. A maximum evergy electron combines with 
an a-particle to form a Не” ion, emitting a single pho- 
ton in this process. He* ions thus formed are in their 
fourth excited state. Find the energies (in eV) of the 
photons lying in the 2 eV to 4 eV range, that are likely 
to be emitted during and after the combination. [Take 
h— 414 x 1075 eV s] 
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948. А non-conducting disc of radius a and uniform 

positive surface charge density о is placed on the ground 

with its axis vertical. А particle of mass m and positive 

charge q is dropped, along the axis of the dise from a 

height H with zero initial velocity. The particle has 

a/m = 4eog/o. 

(a) Find the value of H if the part 
disc. 

(b) Sketch the potential energy of the particle as a func- 
tion of its height and find its equilibrium position. 
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26. A, B, C 

27. A,C 

28. A, C, D 

29.C 

30. B, D 

31. C, D 

32. B,C, D 

33. A, B,C, D 

34. A,B,C 

35. А, B, D 

36. (a) 28", anticlock- 
wie (b) fee 
юн gt [i-e 

u= 85 


37. (в) 25 (b) ци, 5 


за, яла Yi (ya — vp) 
39. (a) 0.14s (b) А, = 
1.5 em, A, = 2.0 cm 


40. 4/3 
а. gi (31 + 47-58) 
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эшн (0) 1= Zaou (b) seres 
650 nm, 
45. 
43. (a) Зее solution 15.12 kg. 
[DE -ab u yee) 
dni [tiva — + 47. During combina 


n m 34eV. — After 
Qu AIV combination 3.84 eV, 
44. (a) асм 2,64 eV. 
Seems plank 48. (a) 40/3 (b) a/ v3 


м = 


IIT ЛЕ 1998 


IIT JEE 1998 has one physics paper of three hour du- 


Go to IIT JEE 2018 
2013 | 2012 | 2011 
2006 | 2005 | 2004 


| 1998 | 1997 
| 1991 | 1990 
| 1984 | 1983 


2016 | 2015 
2009 | 2008 
2002 | 2001 
1995 | 1994 
1988 | 1987 
1981 | 1980 


2014 
2007 
2000 
1993 
1986 
1979 


Рарег 


‘The paper is divided into two parts, (A) and (В). The 
questions in part (A) has (i) objective questions with 
single option correct and (ii) objective questions with 
one or more option(s) correct. The questions in part 
(B) has descriptive questions. Total marks of the paper 
is 200 and there is no negative marking. 
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One Option Correct 


‘This section is part (A) of the paper. The questions 
in this section has four options (A), (B), (C) and (D). 
Only one of these four options is correct. Each question 
is of two mark. 
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91. A small square loop of wire of side I is placed 
inside a large square loop of wire of side L (L > 1). 
‘The loops are coplanar and their centres coincide. The 
mutual inductance of the system is proportional to 
(A) Ир (B) P/L (C) 1/1 (D) L/L 
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92. A concave mirror is placed on a horizontal table 
with its axis directed vertically upwards. Let О be the 
pole of the mirror and C its center of curvature. A 
point object is placed at C. It has a real image, also 
located at C. If the mirror is now filled with water, the 
image will be 
(A) real and will remain at C. 

) real and located at a point between C and oc. 
(С) virtual and located at a point between C and O. 

) real and located at a point between C and О. 
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93. A spherical surface of radius of curvature А sep- 
arates air (refractive index 1.0) from glass (refractive 
index 1.5), The centre of curvature is in the glass. A 
point object P placed in air is found to have a real im- 
age Q in the glass. The line PQ cuts the surface at a 
point О and PO = OQ. The distance PO is equal to 
(A) 5R (B) 3R (C) 2R (D) 158 
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Q4. A string of length 64m and mass 1072 kg 
tightly clamped at its ends, The tension in the string 
1.6 N. Identical wave pulses are produced at one end at. 
equal intervals of time At. The minimum value of At, 
which allows constructive interference between succes- 
sive pulses is 

(A) 0.05s (В) 0.105 (С) 0.20s (D) 040s 
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95. In the circuit shown in the figure, the current. 
through. 
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96. A charge +g is fixed at each of the points x = то, 
2 = Bro, £ Bro, ++: ,00 on the z-axis and a charge 
—4 is fixed at each of the points 2 = 220, £ = dro, 
£ = Giro, +++ ‚со. Here zo Б a positive constant, Take 
the electric potential at a point due to a charge Q at a 
distance r from it to be Q/(4reor). Then, the potential 
at the origin due to the above system of charges is 

(A) zero (B) gau; (С) infinite (D) 282 
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Q7. Two particles, each of mass m and charge q, are. 
attached to the two ends of a light rigid rod of length 
2R. The rod is rotated at constant angular speed about 
а perpendicular axis passing through its centre. The 
ratio of the magnitudes of the magnetic moment of the 
system and its angular momentum about the centre of 
the rod is 

(A) a/(2m) (B) a/m (C) 2a/m (D) a/(zm) 
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Q8. Two very long straight parallel wires carry steady 
currents Г and —7 respectively. The distance between 
the wires is 4. At a certain instant of time, a. point. 
charge д is at a point equidistant from the two wires in 
the plane of the wires. Its instantaneous velocity 0 is 
perpendicular to this plane, The magnitude of the force 
due to the magnetic field acting on the charge at thi 
stant 
(A) 204% (B) воде (C) Waie (D) zero 
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Q9. A metal rod moves at a constant velocity in a di- 

rection perpendicular to its length. A constant uniform 

magnetic field exists in space in a direction perpendic- 

ular to the rod as well as its velocity, Select the correct 

statement(s) from the folloving, 

(A) The entire rod is at the same electric potential. 

(B) There is an electric field in the rod. 

(C) The electric potential is highest at the centre of the 
rod and decrease towards its ends. 

(D) The electric potential is lowest at the centre of the 
rod and increases towards its ends. 
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910. In a p-n junction diode not connected to any 

circuit, 

(A) the potential is same everywhere. 

(B) the p-type side is at a higher potential than the 
n-type side. 

(C) there is an electric field at the junction directed 
from the n-type side to the p-type side. 

(D) there is an electric field at the junc 
from the p-type side to the n-type side. 


n directed 
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Q11. Water from a tap emerges vertically downwards 
with an initial speed of 1.0 m/s. The cross-sectional 
area of tap is 10-* ий. Assume that the pressure is 
constant throughout the stream of water and that the 
flow is steady. The cross-sectional area of stream 0.15 m 
below the tap is 

(A) 50х10 4 n? (В) L0x 107 m? 

(C) 50х 107% ш? (0) 2.0 x 107% m? 
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Q12. A given quantity of an ideal gas is at pressure 
p and absolute temperature T. The isothermal bulk 


modulus of the gas is 
(A) 2р (B) p (C) $p (D) 2р 
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913. A particle of mass m is executing oscillations 
about the origin on the z-axis. Its potential energy 
is U(r) = klar, where К is a positive constant, If the 
amplitude of oscillation is a, then its time period T is 
(A) proportional to 1/ya (В) independent of a 

(C) proportional to ya (D) proportional to a*/? 
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914. A satellite S is moving in an elliptical orbit 
around the earth. The mass of the satellite is very small 
compared to the mass of the earth, 

(A) the acceleration of 5 is always directed towards 
centre of the earth. 

(B) the angular momentum of 5 about the centre of 
the earth changes in direction, but its magnitude 
remains constant. 

(C) the total mechanical erergy of 5 varies periodically. 
with time. 

(D) the linear momentum of 5 remains constant in 
magnitude. 
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915. Let I be the moment of inertia of a uniform 
square plate about an axis AB that passes through its 
centre and is parallel to two of its sides, CD is a line in 
the plane of the plate that passes through the centre of 
the plate and makes an angle 0 with AB. The moment 
of inertia of the plate about the axis CD is then equal 
to 

(A) 1 (B) Isin*0 (C) Leo? 0 (D) Leos? (0/2) 
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916. A stone tied to a string of length L is whirled in 
а vertical circle with the other end of the string at the. 
centre, At a certain instan: of time, the stone is at its 
lowest position, and has speed и. The magnitude of the 
change in its velocity as it reaches a position where the 
string is horizontal is 

(A) vi? -29L (В) VE 

(C) үис (D) Vu 01) 
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Q17. A force F = —k (yi xj) (where k is a positive 
constant) acts on a particle moving in the z-y plane, 
Starting from the origin, the particle is taken along the 
positive z-axis to the point (a,0) and then parallel to 
the y-axis to the point (а,а). The total work done by 
the force F on the particle is 

(A) —2ka? (В) 2ka? (C) —ka? (D) ka? 
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918. А real image of a distant object is formed by a 

plano-convex lens on its principal axis. Spherical aber- 

ration 

(A) is absent. 

(В) is smaller if the curved surface of the lens faces the 
object. 

smaller if the plane surface of the lens faces the 

object. 

the same whichever side of the lens faces the 

object. 


(с) 


(D) 
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Q19. A parallel monochromatic beam of light is inci 
dent normally on a narrow slit. A diffraction pattern 
is formed on a sereen placed perpendicular to the di- 
rection of the incident beam. At the first minimum of 
the diffraction pattern, the phase difference between the 
rays coming from the two edges of the slit is 

(A) zero (В) 1/2 (C) я (D) 2x 
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920. The half life of 1 is 8 days. Given a sample of 
151] at time t — 0, we can assert that. 

(A) no nucleus will decay before t 
(B) no nucleus will decay before t = 8 days. 

(C) all nuclei will decay before t = 16 days. 

(D) a given nucleus may decay at any time after t = 0. 


days. 
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Q21. X-rays are produced in an X-ray tube operating 
at a given accelerating voltage, The wavelength of the 
continuous X-rays has values from. 

(A) 0 to oo. 

(В) Amin to ос, where Amin > 0. 

(C) 0 to М, where Anas < оо. 

(D) Amin to Аах Where 0 < Amin < Алах < 00. 
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922. The work function of a substance is 4 eV. The 
longest wavelength of light that can cause photoelectron 
emission from this substance is approximately 

(A) 540 nm (В) 400 nm (С) 310 nm (D) 220 nm 
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Q23. А vessel contains a mixture of 1 mol of Оз and 
2 mol of Nz at 300 К. The ratio of the average rota- 
tional kinetic energy per Oz molecule to that of per Na 
molecule is 
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924. Two identical containers A and В with friction- 
less pistons contain the same ideal gas at the same tem- 
perature and the same volume V. The mass of the gas 
in A is ma and that in В is mg. The gas in each cylin- 
der is now allowed to expand isothermally to the same 
final volume 2V. The changes in the pressure in A and. 
В are found to be Ap and 1.5Ap, respectively. Then, 

(A) dma —9mg (В) 2ma 
(C) 3m4 —3mg (D) 9m4 
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925. Two cylinders А and В fitted with pistons con- 
tain equal amounts of an ideal diatomic gas at 300 К. 
‘The piston of A is free to move, while that of B is held. 
fixed. The same amount of heat is given to the gas in 
each cylinder. If the rise in temperature of the gas in 
A is 30 К, then the rise in temperature of the gas in B 
is 


(A) 30K (B) 18K (C) 50K (D) 42K 
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926. A black body is at a temperature of 2880 К. 
The energy of radiation emitted by this body with 
wavelength between 499nm and 500 nm is Ui, be 
tween 999 nm and 1000 nm is Uz and between 1499 nm 
and 1500nm is Us. [The Wien constant, b = 
2.88 x 10° nm К). Then, 

(A) Ui =0 (B) Us =0 (€) Uy > Ua (D) Ua Us 
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One or More Option(s) Correct 

‘This section is also part (A) of the paper. The 
questions in this section has four options (A), (В), (С) 
and (D). One or more thax one of these four option(s) 
is(are) correct. Each question is of two marks. 
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927. The SI unit of the inductance, the Henry can be 
written as 

(A) weber/ampere (В) volt-second /ampere 

(C) joule/(ampere)? (0) ohm-second 


IIT JEE 1998 Paper 1161 


Q28. Let [eo] denotes the dimensional formula of the 
ivity of the vacuum and [jio] that of the per- 
meability of the vacuum, If M = mass, L = length, 
T = time and 7 = electric current, then 

(A) lo] = [M-IL-?T] (B) feo] = [MILT] 
(C) [po] = |MLT-21-2] (р) [po] = МЕТ] 
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929. The torque 7 on a body about a given point is 

found to be equal to Ax L, where 4 is a constant vector 

and L is the angular momentum of the body about that 

point. From this its follows that, 

(A) SÉ is perpendicular to Г at all instants of time. 

(B) the component of Ё in the direction of А does not 
change with time. 

(С) the magnitude of Z does not change with time, 

(0) 2 does not change with time. 
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Q30. A transistor is used in common emitter mode as 

an amplifier, then 

(A) the base emitter junction is forward biased. 

(B) the base emitter junction is reversed biased, 

(C) the input signal is connected in series with the volt- 
age applied to bias the base-emitter junction. 

(D) the input signal is connected in series with the volt- 
age applied to bias the base-collector junction. 
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931. Let mp be the mass of proton, mn the mass of 
neutron, My the mass of е nucleus and М2 the mass 
of Ca nucleus, Then, 

(А) My 22M, (В) Mz > 2My 

(C) Ma «2M, (0) М < 0(ть + mp) 
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Q32. The electron in a hydrogen atom makes a transi 
tion m = na, where n; and ng are the principal quan- 
‘tum numbers of two states, Assume the Bohr's model 
to be valid. The time period of the electron in the initial 
state is eight times that in the final state. The possible 
values of n; and n are 

(A) m-4n-2 (B)m-&m-2 

(C) т-8 (D) m 
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Q33. A positively charged thin metal ring of radius R 
is fixed in the з-у plane with its centre at the origin О. 
А negatively charged particle P is released from rest at 
the point (0,0, zo) where 20 > 0. Then the motion of P 
(A) periodic for all values of 29 satisfying 0 < 29 < oc. 
(В) simple harmonic for all values of zo satisfying 0 < 
SR. 
(C) approximately simple harmonic provided zo < R. 
(D) such that P crosses О and continues to move along 
the negative 2 axis towards 2 = —oo. 
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Q34. A dielectric slab of thickness d is inserted in a 
parallel plate capacitor whese negative plate is at £ = 0 
and positive plate is at «= 3d. The slab is equidistant. 
from the plates. The capecitor is given some charge. 
As x goes from 0 to 3d, 

(A) the magnitude of the electric field remains the 


same. 
(B) the direc c field remains the same. 
(C) the elec nuously. 


(D) the electric potential increases at first, then de- 
creases and again increases. 
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935. А ray of light travelling in a transparent medium 
falls on a surface separating the medium from air at an 
angle of incidence 45°. The ray undergoes total internal 
reflection, If n is the refractive index of the medium 
with respect to air, select the possible value(s) of n from 
the following, 

(A) 13 (B) 14 (C) 15 (D) 16 
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Q36. Let 9, tems and vp respectively denote the mean 
speed, root mean square speed and most probable speed 
of the molecules in an ideal monatomic gas at absolute. 
temperature Т. The mass of the molecule is т. Then, 


(А) 
(в 
(С) 
(D) 


no molecule can have speed greater than ута 
no molecule can have speed less than vp/ V2. 

Up < 0 < Uem. 

the average kinetic energy of a molecule 


злий 
img. 
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Q37. During the melting of slab of ice at 273 К at 

atmospheric pressure, 

(A) positive work is done by the ice-water system on 
the atmosphere. 

(B) positive work is done on the ice-water system by 
the atmosphere. 

(C) the internal energy of the ice-water sy 
creases. 

(D) the internal energy of the 


stem in- 


-water system de- 
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938. A non-conducting solid sphere of radius R is uni- 
formly charged. The magnitude of the electric field due 
to the sphere, at a distance r from its centre, 

(A) increases as r increases for r < R. 

(В) decreases as r increases for 0 < r < oc. 

(C) decreases as r increases for R < r < ox. 

(D) is discontinuous at г = R. 
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Q39. A transverse sinuscidal wave of amplitude a, 
wavelength A and frequency f is travelling on a 
stretched string. The maximum speed of any point on 
the string is v/10, where v is the speed of propagation 
of the wave. If a = 10-3 m and v = 10 m/s, then À and. 
f are given by — 

(A) A=2n x 10? m. 
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Q40. The (z, y) coordinates of the corners of a square 
plate are (0,0), (2,0), (LL), and (0,2). The edges 
of the plate are clamped and transverse standing waves 
are set-up in it, If u(z, y) denotes the displacement of 
the plate at the point (x.y) at some instant of time, 
the possible expression(s) for м is (are) [Where a is a 
positive constant.) 

(A) a сонр cob (В) a sin 3 E in 

(C) a sin 3 зы 8 (0) a cos AEE sin Е 
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Descriptive 


‘This section is part (B) of the paper. There are 15 
descriptive questions in this section. Each question is 
of 8 marks. 
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Q41. The air column in a pipe closed at one end 

made to vibrate in its second overtone by a tuning 

fork of frequency 440 Hz. The speed of sound in air 

is 330 m/s, End corrections may be neglected. Let po 

denote the mean pressure st any point in the pipe and 

Apo the maximum amplitude of pressure variation. 

(a) Find the length L of air column. 

(b) What is the amplitude of pressure variation at the 
middle of the column? 

(e) What are the maximum and minimum pressures at 
the open end of the pipe? 

(d) What are the maximum and minimum pressures at 
the close end of the pipe? 
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942. А solid body X of heat capacity C' is kept in an 
atmosphere whose temperature is T4 = 300 K. At time 
t = 0, the temperature of X is То = 400 K. It cools 
according to Newton's law of cooling. At time t, its 
temperature is found to be 350 K. At this time (t1) the 
body X is connected to a large body Y at atmospheric 
temperature Та through a conducting rod of length L, 
cross-sectional area A and thermal conductivity K. The 
heat capacity of Y is so large that any variation in its 
‘temperature may be neglected. The cross-sectional area 
A of the connecting rod is small compared to the surface. 
area of X. Find the temperzture of X at time t = 36 
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Q43. А large heavy box is sliding without friction 
down a smooth plane of inclination 0. From а point Р 
on the bottom of the box, a particle is projected inside 
the box. The initial speed of the particle with respect 
to the box is u and the direction of projection makes an 
angle а with the bottom as shown in the figure, 


(a) Find the distance along the bottom of the bax be- 
tween the point of projection P and the point Q 
where the particle lands. [Assume that the particle 
does not hit any other surface of the box. Neglect 
air resistance] 

(b) Ifthe horizontal displacement of the particle as seen 
by an observer on the ground is zero, find the speed 
of the box with respect to the ground at the instant 
when the particle was projected. 
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Q44. A particle of mass 107? kg is moving along the 
positive x-axis under the influence of force F(z) = 
— дб, where k = 1072 N ш?, At time t = 0 it is at 
22 1.0 m and its velocity v = 0. 

(a) Find its velocity when it reaches 2 = 0.5 m. 

(b) Find the time at which it reaches z = 0.25 m. 
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Q45. A prism of refractive index n, and another prism 
of refractive index nz are stuck together with gap as 
shown in the figure. The angles of the prism are as 
shown. The n and из depends on А, the wavelength 
of light, according to: m = 1.20 + 104510 and ng = 
1.45 + 14050", where A isin nm. 


(a) Calculate the wavelength Ло for which rays incident 
at any angle on the interface BC pass through with- 
out bending at that interface. 

(b) For light of wavelength Ao, find the angle of inci- 
dence i on the face AC such that the deviation pro- 
duced by the combination of prisms is minimum. 


IIT JEE 1998 Paper 1180 


946. A coherent parallel beam of microwaves of wave- 
Jength A = 0.5 mm falls on a Young's double slit appa- 
ratus. The separation between the slits is 1.0 mm. The 
intensity of microwaves is measured on a screen placed 
parallel to the plane of the slits at a distance of 1.0 m 
from it as shown in the figure. 


pem 


"pis 


(a) If the incident beam falls normally on the double 
slit apparatus, find the y-coordinates of all the in- 
terference minima on the screen. 

(b) Tf the incident beam mekes an angle of 30° with the 
z-axis (as in the dotted arrow shown in figure), find 
the y-coordinates of the first minima on either side 
of the central maximun. 
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Q47. А wedge of mass m and triangular cross-section 
(AB = BC = CA = 2R) is moving with a constant 
velocity (—vi) towards a sphere of radius Jt fixed on a 
smooth horizontal table as shown in the figure, The 
wedge makes an clastic collision with the fixed sphere 
and returns along the same path without any rotation. 
Neglect all friction and suppose that the wedge remain 
contact with the sphere for a very short time At, 
ing which the sphere exerts a constant force F on 


du 
the wedge. 


(a) Find the force F and also the normal force Ñ ex- 
erted by the table on the wedge during the time 
At. 

(b) Let h denote the perpendicular distance between 
the centre of mass of the wedge and the line of ac- 
tion of F. Find the magnitude of the torque due to 
the normal force N about the centre of the wedge, 
during the interval At. 
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948. A uniform circular disc has radius R and mass 
m. А particle, also of mass m, is fixed at a point A on 
the edge of the disc as shown in the figure. The disc 
can rotate freely about а horizontal chord PQ that is 
at a distance R/4 from the centre C of the disc. The 
line AC is perpendicular to PQ. Initially the disc is held 
vertical with the point A at it m. Tt is 
then allowed to fall, so that 
PQ. Find the linear speed of the particle as 
its lowest position. 
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Q49. One mole of an ideal monatomic gas is taken 
round the cyelic process ABCA as shown in the figure. 
Calculate, 


(a) the work done by the gas. 

(b) the heat rejected by the gas in the path CA and the 
heat absorbed by the gas in the path AB. 

(c) the net heat absorbed by the gas in the path ВС. 

(d) the maximum temperature attained by the gas dur- 
ing the cycle. 
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950. Nuclei of radioactive element A are being pro- 

duced at а constant rate a, The element has a decay 

constant A. At time t = 0, there are No nuclei of the 

element 

(a) Calculate the number № of nuclei of A at time t. 

(b) If o. = 2NoA, calculate the number of nuclei of A 
after one half-life of A and also the limiting value 
of N as t+ оо. 
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951. An inductor of inductance 2.0 mH is connected 

across a charged capacitor of capacitance 5.0 pF and 

the resulting L-C circuit is set oscillating at its natural 

frequency. Let Q denotes the instantaneous charge оп 

the capacitor and J the current in the circuit. It is found 

that the maximum value of Q is 200 nC. 

(a) When © = 100 pC, what is the value of |44|? 

b) When Q = 200 uC, what is the value of 7? 

(c) Find the maximum value of 7. 

d) When J is equal to one-half of its maximum value, 
what is the value of |9? 
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952. In the circuit shown in figure, the battery is an 
ideal one, with emf V. The capacitor is initially un- 
charged. The switch 5 is closed at time t — 0. Find, 


(a) the charge q on the capacitor at time t. 
(b) the current in AB at time £. What is its limiting 


value as t — oo? 


IIT JEE 1998 Paper 1187 


953. А uniform constant magnetic field Ё is directed 
at an angle of 45° to the z-axis in x-y plane. PQRS 
is rigid square wire frame carrying a steady current Jo, 
with its centre at the origin O. At time t = 0, the frame 
at rest in the position shown in the figure with its 
sides parallel to 2 and y-axes, Each side of the frame is 
of mass M and length L. 


у 
s Ив 
д 
= | a 
ol 
E Q 


(a) What is the torque 7 acting on the frame due to 
the magnetie field? 

(b) Find the angle by whiel the frame rotates under the 
action of this torque in a short interval of time At 
and the axis about which this rotation occurs (At 
so short that any variation in the torque during this 
interval may be neglected). [Given: the moment of 
inertia of the frame about an axis through its centre 
perpendicular to its plane is $ML?.| 
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954. A particle of mass m and charge q is moving in 
a region where uniform constant electric and magnetic 
fields Ё and B are present, Ё and B are parallel to each 
other. At time ¢ = 0, the velocity бо of the particle is 
perpendicular to Ё (assume that its speed is always 
< c, the speed of light in vacuum). Find the velocity 7 
of the particle at time f. You must express your answer 

terms of 1, q, m, the vector ip, Ё and В and their 
magnitude vo, E aud B. 
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955. A conducting sphere Sy of radins r is attached 
to an insulating handle. Another conducting sphere Sz 
of radius R is mounted on an insulating stand, Sz is 
initially uncharged. 51 is given a charge Q, brought 
into contact with Sz and removed. 91 is recharged such 
that the charge on it is again Q and it is again brought 
into contact with Sz and removed. This procedure 
repeated n times. 

(a) Find the electrostatic energy of Sy after n such con- 

tacts with S1. 
(b) What is the limiting value of this energy as n — oo? 
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к 


СЕТО ы 
(а) —L0 m/s 
(b) 1.48 s 


45. (a) 600 nm (b) sin? (3 
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46. (a) +1/VI5m, 51. (a) 104 A/s (b) zero 
43/V7 m(b)1/V15m, (c) 2.0 A (d) 1.732 x 10 
3/VTm s2() e 

«т. (a) Sag (var 
(3g +g) i 
[E (b) 14r (a0? 

PIC " j 54. cos (84) m+ RE 

49. (a) № (b) 5po¥o/2, — ах 
Smo c) ww чи (22) (538) 


СЕ р (0) Un “Bf 


50. (а) X [a — (a — ANo)e E: 
(b) Gi) 3N0/2 (i) 2No (Ы) Us = A. 


ПТ ЛЕ 1997 


IIT JEE 1997 was conducted twice because of paper 
leak. There is one physics paper of three hour duration. 
We call these papers as Paper and Paper (Cancelled). 
‘The format is similar for both papers. 
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Рарег 


‘There are three types of questions (i) objective ques- 
tions with single option correct (fi) fill in the blanks 
type and (iii) descriptive type, Total marks of the pa- 
per is 100 and there is no regative marking. 

Note: The paper has 16 questions. One of these 
questions has 9 parts of type (i) and another question 
has 11 parts of type (ii). Remaining questions are of 
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One Option Correct. 


‘There are 9 questions in this section. Each question 
has four options (A), (B). (C) and (D). Only one of these 
four options is correct. Each question is of one mark. 
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91. The circuit shown in the figure contains two 

diodes each with a forward resistance of 50 © and with 

infinite backward resistance, If the battery voltage 
6 V, the current through the 100 Q resistance is 


dv м 


(A) zero (B) 0.02 А (C) 0.03 A (D) 0.036 A 
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92. A proton, a deuteron and an o-particle having the 
same Kinetic energy are moving in circular trajectories 
in а constant magnetic field. If rp, га and rq denote re- 
spectively the radii of the trajectories of these particles, 
then 

(А) ra 
(С) ra 


rera (В) rera n 
ra>ty (D) гата 
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Q3. A travelling wave in a stretched string is described 
by the equation: у = Asin(kr — wt). The maximum. 
particle velocity is 

(A) Aw (B) w/k (C) dw/dk (D) zu 
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94. A spherical black body with a radius of 12 em ra- 
dliates 450 W power at 500 K. If the radius were halved 
and the temperature doubled, the power radiated (in 
W) would be 

(A) 225 (В) 450 (С) 900 (D) 1800 
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95. A vessel contains 1 mol of Oz gas (molar mass 32) 
at a temperature Т. The pressure of the gas is p. An 
identical vessel containing one mole of the gas (molar 
mass 4) at a temperature 27 has a pressure of 

(А) p/8 (B) p (C) 2p (0) 8р 
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96. The average translational kinetic energy of Oz 
(molar mass 32) molecules at a particular temperature 
is 0.048 eV. The translational kinetic energy of Nz (mo- 
Jar mass 28) molecules (in eV) at the same temperature 
(A) 0.0015 (B) 0.003 (C) 0.048 (D) 0.768 
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ОТ. The maximum kinetic energy of photoelectrons 
emitted from a surface when photons of energy 6 eV 
falls on it is 4 eV. The stopping potential is 

(A) 2V (В) 4V (C) 6V (D) 10V 
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Q8. As per Bohr model, the minimum energy required 
to remove an electron from the ground state of doubly 


ionized 
(A) 151 eV (В) 13.6 eV (C) 40.8 eV (D) 122.4 eV 
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Q9. Which of the following is not true? 

(A) The resistance of intrinsic semi 
creases with increase of temperature, 

(B) Doping pure Si with trivalent impurities gives p- 
type semiconductors, 

(C) The majority carriers ia n-type semiconductors are. 
holes. 

(D) The p-n junction can act as a semiconductor 
diode. 


mductors de- 
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Fill in the Blank Type 


‘There are 11 fill in the blank(s) type questions in 
this section. Each question is of two marks. 
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910. In the given circuit, each battery is 5 V and has 
an internal resistance of 0.2 9, The reading in the ideal 
voltmeter V is . 
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Q11. The earth receives 1400 W/m? of solar power. If 
all the solar energy falling on a lens of area 0.2 m? is 
focused onto a block of ice of mass 280 g, the time taken 
to melt the ice will be ...... minutes. [Latent heat of 
fusion of ice = 3.3 x 10° J/kg. ] 
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Q12. The equation of state of a real gas is given by 
(2+5) (V —b) = RT, where p, V and T are pressure, 
volume and temperature respectively and R is the uni- 
versal gas constant. The dimensions of the constant a 
in this equation is 
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913. A symmetric lamina of mass M consists of a 
square shape with a semicircular section aver each of 
the edge of the square as shown in the figure, The side 
of the square is 2a, The moment of inertia of the lamina. 
about an axis through its centre of mass and perpen- 
dicular to the plane is 1.6Ma?. The moment of inertia 
of the lamina about the tangent AB in the plane of the 
lamina is . 
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914. A rod of weight W is supported by two parallel 
knife edges A and В and is in equilibrium in a horizontal 
position, ‘The knives are at a distance d from each other. 
‘The centre of mass of the rod is at distance £ from А. 
‘The normal reaction on A is ...... and on ВВ. 
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915. A particle is projected vertically upwards from 
the surface of earth (radius R) with a kinetic energy 
equal to half of the minimum value needed for it to 
escape. The height to which it rises above the surface 
of earth is 
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916. The equivalent resistance between points А and 
B of the given circuit is 
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QT. А ray of light is incident normally on one of the 
faces of a prism of apex angle 30° and refractive index 
М, The angle of deviation of the ray is 
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Q18. Two thin lenses, when in contact, produce a 
combination of power +10D. When they are 0.25 m 
apart, the power reduces to --6.D. The focal length of 
the lenses are ...... m anc ...... m. 
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919. А monochromatic beam of light of wavelength 
6000 A in vacuum enters a medium of refractive index 
1.5. In the medium its wavelength is ...... and its 
frequency is 
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920. А ring shaped tube contains two ideal gases with 
equal masses and relative molar masses My = 32 and 
Ma = 28, The gases are separated by one fixed partition 
and another movable stopper 5 which can move freely 
Without fiction inside the ring. The angle a as shown 
in the figure is 


м, M 
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Descriptive 


‘There are 14 decriptive questions in this section. 
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921. The element curium %4§Cm has a mean life of 
1013 s, Its primary decay modes are spontaneous fission 
and a-decay, the former with a probability of 8% and 
the latter with a probability of 92%, cach fission releases 
200 MeV of energy. ‘The masses involved in decay are 
248m = 248.072220 u, 24Pu = 244.064100 u, Не = 
4.002603 u. Calculate the power output from a sample 
of 10% Cm atoms. [1 u=931 MeV/c?.] 
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922. In a Young's double slit experiment, the upper 
slit is covered by a thin glass plate of refractive index 
«4, while the lower slit is covered by another glass plate, 
having the same thickness as the first one but having 
refractive index 1.7. Interference pattern is observed 
using light of wavelength 5400 A. It is found that the 
point P on the screen, where the central maximum (n = 
0) falls before the glass plates were inserted, now has 
3/4 the original intensity. It is further observed that 
‘what used to be the fifth maximum earlier lies below the 
point P while the sixth minima lies above P. Calculate. 
the thickness of glass plate. [Absorption of light by glass 
plate may be neglected.] 
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923. Assume that the de-Broglie wave associated with 
an electron can form a standing wave between the atoms 
arranged in a one dimensional array with nodes at each 
of the atomie sites. It is ‘ound that one such stand- 
ing wave is formed if the distance d between the atoms 
of the array is 2 Å. A similar standing wave is again 
formed if d is increased to 2.5 А but not for any inte 
mediate value of d. Find the energy of the electron (i 
eV) and the least value of d for which the standing wave 
of the type described above can form. 
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924. А cart is moving along x direction with a velocity 
of 4 m/s. A person on the cart throws a stone with a 
velocity of 6 m/s relative to himself, In the frame of 
reference of the cart, the stone is thrown in y-: plane 
making an angle of 30° with vertical z-axis. At the 
highest point of its trajectory the stone hits an object 
of equal mass hung vertically from branch of a tree by 
means of a string of length 2. A completely inelast 
collision occurs, in which the stone gets embedded 
the object. Determine, [Take g = 9.8 m/s] 
(a) the speed of the combined mass immediately af- 
ter the collision with respect to an observer on the 
ground. 
(b) the length £ of the string such that tension in the 
string becomes zero when the string becomes hor- 
ontal during the subsequent motion of the com- 
bined mass. 
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925. Two blocks of mass mı = 10 kg and mz = 5 kg 
connected to each other by a massless inextensible 
string of length 0.3 m are placed along а diameter of 
turn table. The coefficient of friction between the table 
and m; is 0.5 while there is no friction between mma and 
the table. The table is rotating with an angular veloc- 
ity of 10 rad/s about a vertical axis passing through its 
centre O. The masses are placed along the diameter of 
table on either side of the centre О such that the mass 
mı is at a distance of 0.124 m from О. The masses are 
observed to be at rest with respect to an observer on 
the turn table. 

(a) Calculate the frictional force on mj. 

(b) What should be the minimum angular speed of the 
turn table, so that the masses will slip from this 
position? 

(c) How should the masses be placed with the string 
remaining taut so that there is no frictional force 
acting on the mass m” 
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928. Two thin circular discs of mass 2 kg aud radius 
10 cm each are joined by a rigid massless rod of length 
20 сш. The axis of the rod is along the perpendicular to 
the planes of the disc through their centres, The object. 
is kept on a truck in such a way that the axis of the 
object is horizontal and perpendicular to the direction 
of motion of the truck. Its friction with the floor of the 
truck is large enough, so that the object can roll on the 
truck without slipping. Take z-axis as the direction of 
‘motion of the truck and z-axis as the vertically upwards 
direction. If the truck has an acceleration 9 m/s?, cal- 
culate, 
\ 


p 


(a) the force of friction on each disc. 
(b) the magnitude and direction of the frictional torque. 
acting on each disc about the centre of mass О of 
the object. Express the torque in the vector form 
in terms of vector i, j and k in x, y and z directions. 
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Q7. One mole of a diatomic gas (y = 1.4) is taken 
through a cyclic process starting from A, The process 
А — B is an adiabatic compression, В — С is isobaric 
expansion, C — D an adiabatic expansion and D — А 
is isochoric. The volume ratio are Ул/Ув = 16 and 
Ус/Ув = 2 and the temperature at A is T = 300 К. 
Calculate the temperature of the gas at the points В 
and D and find the efficiency of the cycle. 
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928. The apparatus shown in the figure consists of 
four glass columns connected by horizontal sections. 
‘The height of two central columns В and C are 49 сш 
each. The two outer columns А and D are open to the. 
atmosphere. А and C are maintained at a temperature 
of 95 °С while the column В and D are maintained at 
5°C. The height of the liquid in A and D measured 
from the base line are 52,8 сш and 51 cm respectively. 
Determine the linear coefficient of thermal expansion of 
the liquid. 
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929. A non-viscous liquid of constant density 
1000 kg/m? flows in streamline motion along a tube 
of variable cross-section. The tube is kept inclined in 
the vertical plane as shown in the figure. The area of 
cross-section of the tube at two points P and Q at 
heights of 2m and 5m are respectively 4x 10-3 m? 
and 8 x 10-3 n. The velocity of the liquid at point P 
1m/s. Find the work done per unit volume by the 
pressure and the gravity forces as the fluid flows from 
point P to Q. 


9 


" а 
5m 
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930. А pair of parallel horizontal conducting rails of 
negligible resistance shorted at one end is fixed on a ta- 
ble. The distance between the rails is 2. A conducting 
massless rod of resistance Л can slide on the rails fric- 
tionlessly. The rod is tied to a massless string which 
passes over a pulley fixed to the edge of the table, A 
mass m tied to the other end of the string hangs verti- 
cally. A constant magnetic field B exists perpendicular 
to the table. If the system is released from rest, calcu- 
late, 


(a) the terminal velocity achieved by the rod. 
(b) the acceleration of the mass at the instant when the 
velocity of the rod is half the terminal velocity. 
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931. Three infinitely long thin wires, each carrying, 
current i in the same direction, are in the з-у plane of a 
gravity free space. The central wire is along the y-axis 
while the other two are along z = +4. 

(a) Find the locus of the points for which the magnetic 
field В is zero. 

(b) If the central wire is displaced along the = direction 
by a small amount and released, show that it will 
execute SHM. If the linear density of the wires is A, 
find the frequency of oscillation, 
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932. Two capacitors А and В with capacities 3 uF 
and 2 uF are charged to a potential difference of 100 V 
and 180 V respectively. The plates of the capacitors are 
connected as shown in the figure with one wire of each 
capacitor free. ‘The upper plate of A is positive and that 
of В is negative. An uncharged 2 uF capacitor C with 
lead wires falls on the free ends to complete the circuit 
Calculate, 


n - 
100V--3uP  2uP 180v 
А в 


(a) the final charge on the three capacitors. 
(b) the amount of electrostatic energy stored in the sys- 
tem before and after completion of the ci 
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933. In the following, Column I lists some physical 
quantities and the Columa II gives approximate en- 
ergy values associated with some of them. Choose the 
appropriate value of energy from Column II for each of 
the physical quantities in Column J. 


Column T Column П 
(A) Energy of thermal neutrons — (p) 0.025 eV 
(B) Energy of X-rays (a) 0 eV. 
(C) Binding energy per meleon (r) Зеу 
(D) Photoelectric: threshold of a (s) 20eV 
metal 
(t) 8 Mev 


(u) 10 keV 
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934. A band playing music at a frequency f is moving 
towards a wall at a speed оь. A motorist is following 
the band with a speed tm. If v is the speed of sound, 
obtain an expression for the beat frequency heard by 
the motorist. 
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LB 23. 151 eV (b) 0.5 A 
2A 24. (a) 2.5 m/s (b) 0.32 ш 
ЗА 25. (a) 36 N (b) 11.67 rad/s 
4D (c) 0.1 m, 0.2m 
5.2 26. (a) Gi N, (b) (-0.67+ 
6. 0,6k) Nm, (-0.6j — 
т. В 0.6k) N m, 0.85 N m 
aD 27. Тв = 909K, Tp = 
9.6 791.4 K, 1 = 61.4% 
ЕР 28. 6.7 x 10% /°C 

E 29. 29025 J/m®, —20100 J/ 
12, par 30. (a) EA (b) 9/2 
тЫ 31. (a) (2 = 0,4-4,3 = 
14. W(d-z)/ Маја 91. (9 G 
15. R 9) (b) z; 
16. R/2 32. (a) qa 
17. 15° 
18. 0125,05 
19. 4000 Å, 5 x 10! Hz 
20. 192 33. Arp, Вен, Cot, 
21. 332 x 10-5 W Dor 


22. 9.3 um з4. Зан) р 


Paper (Cancelled) 


‘There are three types of questions (i) objective ques- 
tions with single option correct (ii) fill in the blanks 
type and (iii) descriptive type. Total marks of the pa- 
per is 100 and there is no zegative marking. 

Note: The paper has 15 questions. One question 
has 15 parts of type (i) and another question has 10 
parts of type (ii). Remaining questions are of descrip- 
tive types, some of them have multiple parts, 
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One Option Correct. 


‘There are 15 questions in this section. Each ques- 
tion has four options (A), (1), (C) and (D). Only one. 
of these four options is correct. Each question is of one 
mark, 
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91. The electrical conductivity of a semiconductor in- 
creases when electromagnetic radiation of wavelength 
shorter than 2480 nm is incident on it. The band gap 
(in eV) for the semiconductor is 
(A) 0.9 (B) 0.7 (C) 05 (D) 11 
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92. An artificial satellite moving in a circular orbit. 
around the earth has a total (kinetic + potential) energy 
Ep. Its potential energy 
(A) —Eo (В) 1.580 (С) 2E) (D) Eo 
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Q3. An isolated particle of mass m is moving in hori- 
zontal plane (x-y), along the «axis, at a certain height. 
above the ground. It suddenly explodes into two frag- 
ment of masses m/4 and 3m/4. An instant later, the 
smaller fragment is at у = 15 cm. The larger fragment 
at this instant is at 

(A) у= беп (В) и=20ст 

(C) y=5em — (D)y--20cm 
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94. A mass m is moving with a constant velocity along, 
a line parallel to the x-axis, away from the origin. Its 
angular momentum with respect to the origin 

(A) is zero (В) remains constant 

(C) goes оп increasing (D) goes on decreasing 
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95. A parallel combination of 0.1 МО resistor and a 
10 uF capacitor is connected across a 1.5 V source of 
negligible resistance, The time required for the capac- 
itor to get charged upto 0.75 V is approximately (in 


second) 
(A) infinite (B) log,2 (C) logjg2 (D) zero. 
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96. A non-conducting ring of radius 0.5 m carries a 
charge of 1.11 x 10719 C distributed non-uniformly on 
its circumference producing an electric field E every- 
where in space. The value of the integral 20 —E dl, 
(= 0 being centre of the ring) in Volt is 

(A) +2 (B) —1 (C) -2 (D) zero 
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т. An electron of mass me, initially at rest, moves 
through a certain distance in a uniform electrie field in 
time fi. A proton of mass mp, also initially at rest 
takes time (2 to move through an equal distance in this 
uniform electric field. Negecting the effect of gravity, 
the ratio ta/t is nearly equal to 

(A) 1 (B) (mp/me)"? (C) (me/mp)™? (D) 1836. 
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98. A steady current flows in a metallic conductor 
of non-uniform cross-section, The quantity quantities 
constant along the length of the conductor is (are) 

(A) current, electric field and drift speed 

(В) drift speed only 

(C) current and drift speed 

(D) current only 
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Q9. A whistle giving out 450 Hz approaches a station- 
ary observer at a speed of 33 m/s. The frequency heard 
by the observer is [Speed of sound = 330 m/s] 

(A) 409 Hz (В) 429 Hz (С) 517 Hz (D) 500 Hz 
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Q10. An eye specialist prescribes spectacles having 
combination of convex lens of focal length 40 em in con- 
tact with a concave lens of focal length 25cm. The 
power of thin lens combination in diopters is 

(A) +15 (B) —L5 (C) +6.67 (D) —6.67 
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911. Masses of two isobars 20 Сиб“ and son ^ are 

63.9298 u and 63.9202 u respectively. It can be con- 

cluded from these data that 

(A) both the isobars are stable. 

(B) 21 is radioactive, decaying to Cu** through 8- 
decay 

(С) Cu is radioactive, decaying to Zn™ through 4- 
decay. 

(D) Сиб 
decay. 


radioactive, decaying to Zn™ through 5- 
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912. The dominant mechanisms for motion of charge 
carriers in forward and reverse biased silicon p-n june- 
tions are. 

(A) drift in forward bias, diffusion in reverse bi 
(В) diffusion in forward bias, drift in reverse bias. 
(C) diffusion in both forward and reverse bias. 
(D) drift in both forward and reverse bias. 
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913. The K, X-ray emission line of tungsten occurs 
at A = 0.021 nm, The energy difference between K and 
L levels in this atom is about, 

(A) 0.51 MeV (B) 1.2 MeV (C) 50 keV (D) 13.6 eV 
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Q14. The average translational energy and the rms 
speed of molecules in a sample of oxygen gas at 300 K 
are 6.21 x 10722 J and 484 m/s, respectively. The cor- 
responding values at 600 K are nearly (assuming ideal 
gas behaviour) 

(А) 12.42 x 10-7" J, 968 m/s 

В) 8.78 x 10-21 J, 684 m/s 

(С) 6.21 x 1072 J, 968 m/s 

(D) 12.42 x 107?! J, 684 m/s 
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915. The intensity of radiation emitted by the sun has. 
its maximum value at a wavelength of 510 nm and that 
emitted by the north star has the maximum value at 
350 nm. If these stars behaves like black bodies, then 
the ratio of the surface temperature of the sun and the 
north star is 


(A) 146 (B) 0.69 (C) 1.21 (D) 0.83 
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Fill in the Blank Туре 


‘There are 10 fill in the blank(s) type questions in 
this section. Each question is of two marks. 
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916. А uniform disc of mass m and radius R is rolling 
up а rough inclined plane which makes an angle of 30° 
with the horizontal. If the coefficients of static and ki- 
netic friction are each equal to jr and the only forces 
acting are gravitational and frictional, then the magni- 
tude of the frictional force acting on the disc is 

and its direction is (write up or down) the in- 
clined plane. 
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Q17. The ratio of earth’s orbital angular momentum 
(about the sun) to its mass is 4.4 x 1015 m?/s. The area 
enclosed by earth's orbit is approximately ..... m. 
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918. The network shown in the figure is part of a 
complete circuit. If at a certain instant the current 
(i) is 5 A and is decreasing at a rate of 10° A/s then 
Vp —Va= 
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919. A uniform magnetic field with a slit system as 
shown in the figure is to be used as momentum filter for 
high-energy charged particles. With a field B Tesla, it 

found that the filter transmits a-particles each of energy 
5.3 MeV. The magnetic field is increased to 2.3В Tesla 
and deuterons are passed into the filter. The energy of 
each deuteron transmitted by the filter is ...... MeV. 
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920. The recoil speed of a hydrogen atom after it 
emits a photon in going from n = 5 state to n = 1 
state is... ... m/s. 
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Q21. The trajectory of a projectile in a vertical plane 
is y = axr—br?, where a, b are constants, and £ and y are 
respectively the horizontal and vertical distances of the. 
projectile from the point of projection. The maximum. 
height attained is and the angle of projection 
from the horizontal is 
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922. The dimensions of electrical conductivity i 
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Q23. А gas thermometer is used as a standard ther- 
mometer for measurement of temperature, When the 
gas container of the thermometer is immersed in wa- 
ter at its triple point 273.16 К, the pressure in the gas 
thermometer reads 3.0 х 10* N/m?. When the gas con- 
tainer of the same thermometer is immersed in another 
system, the gas pressure reads 3.5 x 10° N/m?. The 
temperature of this system is therefore °C. 
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924. А plane progressive wave of frequency 25 Hz, 
amplitude 2.5 х 1075 m and initial phase zero, prop- 
agates along the negative q direction with a velocity of 
300 m/s. At any instant, the phase difference between 
the oscillations at two points 6 m apart along the line of 
propagation is and the corresponding amplitude 
difference is 
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Q25. A slit of width d is placed in front of a lens of fo- 
cal length 0.5 m and is illuminated normally with light 
of wavelength 5.89 x 10-7 m, The first diffraction min- 
ima on either side of the central diffraction maximum 
аге separated by 2 x 1073 m. The width d of the slit is 
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Descriptive 


‘There are decriptive questions in this section. 
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Q26. Block A of mass m and block B of mass 2m. 
are placed on a fixed triangular wedge by means of a 
massless, inextensible string and a frictionless pulley as 
shown in the figure, The wedge is inclined at 45° to 
the horizontal on both sides. The coefficient of friction 
between block A and the wedge is 2/3 and that between 
block В and the wedge is 1/3. If the blocks A and В 
are released from rest, find. 


ANS 


ау 


(a) the acceleration of A. 

(b) tension in the string. 

(c) the magnitude and direction of friction force acting 
on A. 
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927. In an ore containing uranium, the ratio of 2980. 
to Pb nuclei is 3. Calculate the age of the ore, as- 
suming that all the lead present in the ore is the final 
stable product of 2990. Take the half-life of 2U to be 
4.5 x 10° years. 
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928. А uniform disc of mass m and radius R is pro- 
jected horizontally with velocity vo on a rough hori- 
zontal floor, so that it starts off with a purely sliding 
motion at t = 0. After to seconds, it acquires a pure 
rolling motion as shown in the figure. 


= Zw 


1-0 t=to 


(a) Calculate the velocity of the centre of mass of the 
disc at to. 

(b) Assuming the coefficient of friction to be ji caleu- 
late fo. Also calculate the work done by the fric- 
tional force as a function of time and the work done 
by it over a time Ё much longer than fo. 
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929. A sample of 2kg monatomic helium (assume 
ideal) is taken through the process ABC and another. 
sample of 2 kg of the same gas is taken through the 
process ADC (see figure), Given molecular mass of he- 
linm = 4. 


одой N/m?) 


Vm?) 


(a) What is the temperature of helium in each of the 
states A, B, C and D? 

(b) 15 there any way of telling afterwards which sample 
of helium went through the process ABC and which 
went through the process ADC? Write Yes or No. 

(c) How much is the heat involved in the process ABC 
and ADC? 
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930. The first overtone of an open organ pipe beats 
with the first overtone of a closed organ pipe with а 
beat frequency of 2.2 Hz. The fundamental frequency 
of the closed organ pipe is 110 Hz. Find the lengths of 
the pipes. [Speed of sound in air is 330 m/s.] 
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931. A large open top container of ne 
uniform cross-sectional ares A has a small hole of cross- 
sectional area A/100 in its side wall near the bottom. 
‘The container is kept on a smooth horizontal floor and 
contains a liquid of density p and mass mp. Assuming 
that the liquid starts flowing out horizontally through 
the hole at t 
(a) the acceleration of the container. 

(b) velocity of elux when 75% of the liquid has drained 

ont. 
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932. A thin rod of negligible mass and area of cross- 
section 4 x 10-9 nf, suspended vertically from one end, 
has a length of 0.5 m at 100°C. The rod is cooled to 
0°C, but prevented from contracting by attaching a 
mass at the lower end. Find (a) the mass, and (b) the 
energy stored in the rod. [Given, for the rod, Young's 
modulus = 10" N/m?, coefficient of linear expansion 
= 075 /K and g = 10 m/s? 
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933. An infinitesimally small bar magnet of dipole 
moment M is pointing and moving with the speed v 
in the positive z direction. A small closed circular con- 
ducting loop of radius a and negligible self-inductance 
lies in the yz plane with its centre at г = 0, and its 
axis coinciding with the a-axis, Find the force opposing 
‘the motion of the magnet of the loop. 
R. Assume that the distance z of the magnet from 
the centre of the loop is much greater than a. 
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934. A leaky parallel plate capacitor is filled com- 
pletely with a material having electrical conductivity 
a = 14 x 1071 0-1-1 and dielectric constant K 
5. If the charge on the capacitor at instant £ = 0 is 
8.85 uC, then calculate the leakage current at the 
instant t = 125. 
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935. Find the emf (V) ard the internal resistance (r) 
of a single battery which is equivalent to a parallel com- 
bination of two batteries of emfs Vi and Vz and inter- 
паї resistances rı and r respectively, with polarities as 
shown in the figure, 


ba 
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Q36. A double-pane window used for insulating a 
room thermally from outside consists of two glass sheets 
each of area 1 m? and thickness 0.01 m separated by a 
0.05 m thick stagnant air space, In the steady state, 
the room glass interface and the glass-outdoor inter- 
face are at constant temperature of 27 °C and 0 °C re- 
spectively. Calculate the rate of heat flow through the 
indow pane. Also find the temperatures of the other 
terfaces, Given thermal conduct of glass and ait 
as 0.8 and 0.08 W m=? КС", respectively. 
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Q37. A thin equi-convex lens of glass of refractive in- 
dex ji = 3/2 and of focal length 0.3 m in air is sealed 
into an opening at one end of a tank filled with water 
(ji — 4/3). On the opposite side of the lens, a mirror is 
placed inside the tank on the tank wall perpendicular 
to the lens axis, as shown in the figure. The separa- 
tion between the lens and the mirror is 0.8 m. A small 
object is placed outside the tank in front of lens at a 
distance of 0.9 m from the lens along its axis. Find the 
position (relative to the lens) of the image of the object 
formed by the system. 


09m 08m 
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938. In Young's double slit experiment, the source is 
red light of wavelength 7 x 10-7 m. When a thin glass 
plate of refractive index 15 at this wavelength is put 
in the path of one of the interfering beams, the central 
bright fringe shifts by 10-3 m to the position previously 
occupied by the 5! bright fringe. Find the thickness of 
the plate. When the source is now changed to green 
light of wavelength 5 x 1077 m, the central fringe shifts 
to в position initially occupied by the 6 bright fringe 
due to red light. Find the refractive index of glass for 
green light. Also estimate the change in fringe width 
due to the change in wavelength. 
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Answers 


PES 26. (а) 0 (b) 2¥2mg 
2.0 (c) 292, downwards 
З.А 27. 1.86 x 109 years 
СВ 28. (a) $m (b) $5. 
6. A ии (3ugt — 38) 
7. B E 

8. D 29. (a) Ta = 12028 K, 
9. D Te 240.56 K, 
10. B To = LIK, 
11. D To 240.56 K 
12. B (b) No (c) авс 
13. С 3.25 x Ш? J, Фарс 
14. D 2.75 х 1081 

ws 30. 1, 10.0067 m, 
10. moft, up, Esana 

17. 6.94 x 1022 A 

is 16 31. (a) d (9) (Be 

19. 11.0185 32. (a) 40 kg (b) 0.1 J 
20. 117 ee 
21. S, tanda. 

22. [M LST3A?] 

23. 45.53 °C 

24. т, zero 85. у = = 
25. 2.945 x 107* 
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36. 45W, — 2648?C, 38. 7x 10" m, 16, 
0,52 °С —0.57 х 107 m 

37. 0.9 m right of the lens, 
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Рарег 


‘There are four types of questions (i) objective questions 
with single option correct (ii) objective questions with 
one or more option(s) correct (їй) fill in the blanks type 
and (iy) descriptive type. Total marks of the paper is 
100 and there is no negative marking. 

Note: The paper has 15 questions. One question 
has 5 parts of type (i), one question has 5 parts of 
type (ii), and one more question has 5 parts of type (ii). 
Other 12 questions are of descriptive types, some of 
them have multiple parts. These parts constitute sepa- 
rate questions. 


1277 
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One Option Correct 


‘There are 5 questions in this section. Each question 
has four options (A), (В), (C) and (D). Only one of these 
four options is correct. Each question is of two marks. 
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91. A full wave rectifier circuit along with the output 
is shown in the figure, The contribution(s) from the 
diode 1 is (are) 


v. 


o 


haeo. 


(A) € (B) А.С (C) B,D (D) A,B,C,D 
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Q2. Ifthe distance between the earth and the sun were. 
half of its present value, the number of days in a year 
would have been 

(A) 615 (B) 129 (C) 1825 (D) 730 
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Q3. A thin semicircular conducting ring of radius R 
falling with its plane vertical in a horizontal magnetic 
induction Ё. At the position ММО the speed of the 
ring is v and the potential difference developed across 
the ring is 


(A) zero. 
(B) Bor F*/2 and M is at higher potential. 
(С) BRv and Q is at higher potential. 
(0) 2BRv and Q is at higher potential. 
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94. The extension in a string, obeying Hooke's law, 
=. The speed of transverse wave in the stretched string 
is v. If the extension in the string is increased to 1.52, 
the speed of transverse wave will be 

(A) 1290 (В) 0610 (С) 1.50% (D) 0.750 
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95. An open pipe is suddenly closed at one end with. 
the result that the frequency of the third harmonic of 
the closed pipe is found to be higher by 100 Hz than 
the fundamental frequency of the open pipe. The fun- 
damental frequency (in Hz) of the open pipe is 

(A) 200 (B) 300 (C) 240 (D) 480 
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One or More Option(s) Correct 


‘There are 5 questions in this section. Each question 
has four options (A), (B), (C) and (D). One or more 
than one of these four option(s) is(are) correct. Each 
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96. The temperature of an ideal gas is increased from 
120 K to 480 К. If at 120 К the rms velocity of the gas 
molecules is v, at 480 K it becomes 

(A) 4v (B) 2v (C) v/2 (D) v/4 
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Q7. A metallic solid sphere is placed in a uniform elec- 
tric field, The lines of foree follow the path(s) shown in 
the figure as 


(A) 1 (B) 2 (C) 3 (D) 4 
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Q8. The magnitude of electric field Ё in the annular 

region of a charged cylindrical capacitor, 

(A) is same throughout. 

(B) is higher near the outer eylinder than near the inner. 
cylinder. 

(C) varies as 1/r where r is the distance from the axis. 

(D) varies as 1/72 where r is the distance from the axis. 
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Q9. Which of the following form(s) a virtual and erect 
image for all positions of the object? 

(A) Convex lens — (B) Coneave lens 

(С) Convex mirror (D) Concave mirror 
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Q10. Holes are charge carriers in 
(A) intrinsic semiconductors (В) ionic solids. 
(C) ptype semiconductors (D) metals 


IIT JEE 1996 Paper 1290 


Fill in the Blank Туре 


‘There are 5 fill in the blank(s) type questions in 
this section. Each question is of two marks. 


IIT JEE 1996 Paper 1291 


Q11. A metallic block carrying current 7 is subjected 
to a uniform magnetic induction В as shown in the fig- 
ure, The moving charges experience a force F given by 
2.2225 Which results in the lowering of the potential of 
the face ....... Assume the speed of the charges to be 
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912. Two metal cubes A and B of the same size are. 
arranged as shown in the figure, The extreme ends of 
‘the combination are maintained at the indicated tem- 
peratures. The arrangement is thermally insulated. 
‘The coefficients of thermal conductivity of А and B 
are 300 W/m °C and 200 W/m °C, respectively. Af- 
ter steady state is reached the temperature T of the 
erface will be 


> 
w 
vc 


10°C 
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913. A potential difference of 20 kV is applied across 
ап X-ray tube. The minimum wavelength of X-rays 
generated 15... А. 
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QA. The wavelength of Ka X-rays produced by an 
X-ray tube is 0,76 А. The atomic number of the anode 
‘material of the tube is . 
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915. Consider the reaction: 2H-4-2H = He +Q. Mass 
of the deuterium atom = 20141 u and mass of helium 
atom = 4.0024 u. This is a nuclear reaction in 
which the energy Q released is . 


MeV. 
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Descriptive 


‘This section contains decriptive questions. Solve 
all of them. 
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916. A thin rod of length L and uniform cross-section 
is pivoted at its lowest point. P inside а stationary ho- 
mogeneous and non-viscous liquid. The rod is free to 
rotate in a vertical plane about a horizontal axis pass- 
ing through P. The density d; of the material of the rod 
is smaller than the density dz of the liquid. The rod is 
displaced by small angle 6 from its equilibrium position. 
and then released. Show that the motion of the rod 
simple harmonic and determine its angular frequency 
terms of the given parameters, 
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Q7. An electron in the ground state of hydrogen atom 
is revolving in anticlockwise direction in a circular orbit. 
of radius R (see figure). 


(a) Obtain an expression for the orbital magnetic mo- 
ment of the electron, 

(b) ‘The atom is placed in a uniform magnetic induction 
B such that the normal to the plane of electron's or- 
bit makes an angle of 30° with the magnetic induc- 
tion. Find the torque experienced by the orbiting 
electron. 
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918. A solenoid has an inductance of 10 H and a re 
sistance of 2 0. It is connected to а 10 V battery. How 
long will it take for the magnetic energy to reach 1/4th 
of its maximum value? 


IIT JEE 1996 Paper 1300 
919. An electrical cireuit is shown in the figure. Cal- 
culate the potential difference across the resistor of 
400 Q as will be measured by the voltmeter V of re- 
sistance 400 0 either by applying Kirehhoff's rules or 
otherwise, 


1000 | 1902 200 


[p 


D 
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920. Distance between the centres of two stars is 10a. 
‘The masses of the stars are M and 16M and their radii 
a and 2a respectively. A body of mass m is fired straight 
from the surface of the larger star towards the surface 
of the smaller star. What should be its minimum initial 
speed to reach the surface of the smaller star? Obtain 
the expression in terms of G, M and a. 
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921. A small sphere of radius R is held against the in- 
пег surface of a larger sphere of radius GR. The masses 
of lange and small spheres are 4M and M respectively. 
This arrangement is placed on a horizontal table, "There. 
is no friction between any surface of contact. The small 
sphere is now released. Find the coordinates of the cen- 
tre of the larger sphere when the smaller sphere reaches 
the other extreme position. 
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922. А smooth semicircular wire track of radius R 
is fixed in a vertical plano (sce figure). One end of 
massless spring of natural length 32/4 is attached to 
the lowest. point О of the wire track, А small ring of 
‘mass m which can slide on the track is attached to the 
other end of the spring, The ring is held stationary 
at point Р such that the spring makes an angle 60° 
with the vertical. The spring constant is k = mg/R. 
Consider the instant when the ring is released (a) draw 
the free body diagram of the ring, and (b) determine 
‘the tangential acceleration of the ring and the normal 
reaction. 
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Q23. Two guns situated cn the top of a hill of height. 

10 m fire one shot each with the same speed 5/3 m/s 

at some interval of time. One gun fires horizontally and 

other fires upwards at an angle 60° with the horizontal. 

‘The shots collide in air at point P. Find, [Take g = 

10 m/s] 

(a) the time interval between the firings. 

(b) the coordinates of the point P. Take origin of the 
coordinate system at the foot of the hill right below 
the muzzle and trajectory in з-у plane. 
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924. Two isolated metallic solid spheres of radii Rand 
2R ore charged such that both of these have same charge 
density о. The spheres are located far away from each 
other and connected by a thin conducting wire. Find 
the new charge density on the bigger sphere. 
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Q25. The capacitance of a parallel plate capacitor 
with plate area А and separation d, is C. The space 
between the plates is filled with two wedges of dielec- 
tric constant K and Ко respectively (see figure). Find 
the capacitance of the resulting capacitor. 


A 
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Q26. An electron in a hydrogen like atom is in an ex- 
cited state. It has a total energy of —3.4 eV. Calculate, 


(a) the kinetic energy. 
(b) the de-Broglie wavelength of the electron. 
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927. A whistle emitting asound of frequency 440 Hz is 
tied to a string of 1.5 m length and rotated with an an- 
gular velocity of 20 rad/s in the horizontal plane. Cal- 
culate the range of frequeacies heard by an observer 
stationed at a large distance from the whistle. [Speed 
of sound = 330 m/s.) 
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928. A thin plano-convex lens of focal length f is split 
into two halves. One of the halves is shifted along the 
optical axis. The separation between object and image 
planes is 1.8 m. The magnification of the image formed 
by one of the half lens is 2. Find the focal length of the 
Jens and separation between the halves. Draw the ray 
diagram for image formation, 


E 
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929. A double slit apparatus is immersed in a liquid 

of refractive index 1.33. It has slit separation of 1 mm 

and distance between the plane of slits and sereen is 

1.33 m. The slits are illuminated by а parallel beam of 

light whose wavelength in air is 6300 А. 

(a) Calculate the fringe width. 

(b) One of the slits of the apparatus is covered by a 
thin glass sheet of refractive index 1.53. Find the 
smallest thickness of the sheet to bring the adjacent 
minimum at the axis. 
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Q30. A right angled prism (45°-90°-45°) of refractive 
index п has a plane of refractive index m(m < n) ce- 


mented to its diagonal face. The assembly is in air, The 
ray is incident on АВ. 


(a) Calculate the angle of incidence at AB for which the 
ray strikes the diagonal face at the critical angle. 

(b) Assuming n = 1.352, calculate the angle of in- 
cidence at AB for which the refracted ray passes 
through the diagonal face undeviated. 
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Q31. Angular width of certral maximum in the Fraun- 
hoffer diffraction pattern of the slit is measured. The 
slit is illuminated by light cf wavelength 6000 Å. When 
the slit is illuminated by light of another wavelength, 
the angular width decreased by 30%. Calculate the 
wavelength of this light. The same decrease in the an- 
gular width of central maximum is obtained when the 
inal apparatus is immersed in a liquid. Find refrac- 
idex of the liquid. 
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932. The temperature of 100 g of water is to be raised 
from 24°C to 90°C by adding steam to it, Calculate. 
the mass of the steam required for this purpose, 
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933. At 27 °C two moles of an ideal monatomic gas 
occupy a volume V. The gas expands adiabatically to a 
volume 2V. Calculate, 

(a) the final temperature of the gas. 

(b) change in its internal energy. 

(<) the work done by the gas during this process. 
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934. At a given instant there are 25% undecayed ra- 

dioactive nuclei in a sample. After 10 5 the number of 

undecayed nuclei reduces to 12.5%. Calculate, 

(a) mean life of nuclei. 

(b) the time in which the number of undecayed nuclei 
will further reduce to 6:25% of the reduced number 
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1. B,C 
2n 
3D 
АА 
5. А 
6. B 
TD 
зо 26. (a) 34eV (b) 6.66 A 
9. B.C | 27. 403.3 Hz to 484 Hz 
10. А, C 28. 04 m, 0.6 m 
11. «ові, ABDC 29. (a) 0.63 mm 
12. 60°C (b) 1.579 um. 
13. 0.62 
ны 30. (a) 
15. fusion, 24 (b) 73° 
31. 4200 A, 1.43 
16. )t 82. 124 
17. (a) go; (0) #8 33. (a) 189 K (b) —2768 J 
(c) 2768 J 


34. (a) 14435 (b) 405 
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Screening Paper 


‘The physics part of the screening paper has two sections 
objective questions with single option correct (ii) ob- 
jective questions with one or more option(s) correct. 


1318 


IIT JEE 1995 Screening Paper 1319 


One Option Correct 


Each question in this section has four options (A), 
(B), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. Two metallic spheres Sj and Sy are made of the 
sime rattled have got identical surface finish. The 
mass of 51 is thrice that cf 52. Both the spheres are 
heated to the same high temperature and placed in the 
same room having lower temperature but are thermally 
insulated from each other. The ratio of the initial rate 
of cooling of 51 to that of Sy is 

(A) 4 (B) 3, (C) v3 (D) (3) ^ 


IIT JEE 1995 Screening Peper 1321 


92. Three rods of identical cross-sectional area ав 
made from the same metal form the sides of an isosceles 
triangle ABC, right angled at B. The points A and B are 
maintained at temperatures T and УОТ, respectively. 
In the steady state, the temperature of the point C is 
Ti. Assuming that only heat conduction takes place, 
ТИТ is 


(А) api (8) т © use D) яя 
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Q3. An isosceles prism of angle 120° has a refractive. 
index 144, Two parallel rays of monochromatic light. 
enter the prism parallel to each other in air as shown. 
‘The rays emerging from the opposite face 


(A) are parallel to each other. 

(B) are diverging. 

(C) make an angle 2[sin*(0.72) – 30°] with each other. 
(D) make an angle 2sin~1(0.72) with each other. 
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Q4. The focal lengths of the objective and the eye- 
piece of a compound microscope are 2.0 em and 3.0 cm. 
respectively. The distance between the objective and 
the eyepiece is 15.0 cm. The final image formed by the 
eyepiece is at infinity. The two lenses are thin. The 
distance (in cm) of the object and the image produced 
by the objective, measured from the objective lens, are 
respectively, 

(A) 24 and 12.0 (B) 24 and 15.0 

(С) 20 and 12.0 (0) 20 and 3.0 
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Q5. A diminished image of an object is to be obtained 
on а screen 1.0 m from it. This can be achieved by 
placing 

(A) а concave mirror of suitable focal length. 

(В) а convex mirror of suitable focal length. 

(C) а convex lens of focal length less than 0.25 m. 

(D) в concave lens of suitable focal length. 
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96. In the formula X = ЗУ Z2, X and Z have dimen- 
sions of capacitance and magnetic induction, respec- 
tively, The dimensions of Y in MKSQ system is 

(A) ML'TQ] (B) [ML ?T405] 

(C) (MCL-?TQS] (D) [METO] 
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QT. An object of specific gravity p is hung from a thin 
steel wire. The fundamental frequency for transvers 
standing waves in the wire is 300 Hz. The objec 
immersed in water, so thet one half of its volum. 
submerged. The new fundamental frequency (in Hz) is 


(А) 300 MET Е d 
(C) 300 i (D) 300 pen ca 


1051 
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Q8. Two point masses of 0.3 kg and 0.7 kg are fixed at 
the ends of a rod of length 1.4 m and of negligible mass, 
‘The rod is set rotating about an axis perpendicular to 
its length with a uniform angular speed, The point on 
the rod through which the axis should pass in order that. 
the work required for rotation of the rod is minimum, 
is located at a distance of 

(А) 0.42 m from mass of 03 kg 

(B) 0.70 m from mass of 0:7 kg 

(C) 0.98 m from mass of 03 kg 

(D) 0.98 m from mass of 0.7 kg 
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Q9. A homogeneous solid cylinder of length L and 
cross-sectional area A/S is immersed such that it floats 
with its axis vertical at the liquid-liquid interface with 
Jength L/4 in the denser liquid as shown in the figure, 
‘The lower density liquid is open to atmosphere having 
pressure P. Then, density D of solid is given by 


(A) dd (B) $d (C) 4d (D) $ 
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910. A battery of internal resistance 4 © is connected 
to the network resistances as shown in the figure. In 
order that the maximum power can be delivered to the 
network, the value of R (in 9) should be 


BA 


(A) 4/9 (B) 2 (C) 8/3 (D) 18 
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Q11. Two point charges ~q and —q are held fixed at 

(74,0) and (4,0) respectively of a z-y coordinate sys- 

tem. Then, 

(A) the electric field E at all points on the z-axis has 
the same direction. 

(B) work has to be done in bringing a test charge from 
оо to the origin. 

(C) electric field at all point on y-axis 

(D) the dipole moment is gd along the 2 


along z-axis. 
axis. 
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912. A parallel plate capacitor of capacitance C is 
connected to a battery and is charged to a potential dif- 
ference V. Another capacitor of capacitance 2C is simi- 
larly charged to a potential difference 2V. The charging 
battery is now disconnected and the capacitors are con- 
nected in parallel to each cther in such a way that the 
positive terminal of one is connected to the negative 
terminal of the other. The final energy of the configu- 
ration is 

(A) zero (B) ЗСУ? (С) cv? (0) Sev? 
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913. A battery is connected between two points A and 
В on the circumference of c uniform conducting ring of 
radius r and resistance ft. One of the ares AB of the 
ring subtends an angle 0 at the centre. The value of the 
magnetic induction at the centre due to the current in 
the ring is 
(A) proportional to (180° — 0) 
B) inversely proportional to r 
(C) zero, only if = 180° 

(D) zero for all values of @ 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four 
options is(are) correct. 
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914. The pairs of physical quantities that have the 
same dimensions is (are) 

(A) Reynolds number and coefficient of friction, 

(B) Curie and frequency of a light wave, 

(C) Latent heat and gravitational potential. 

(0) Planck's constant and torque. 


IIT JEE 1995 Screening Peper 1335 
915. A wave disturbance in a medium is described by, 


Mors t) = 0.02 cos (5070 + 5/2) cos(10), 


where z and y are in metre and t is in second. 
(A) А node occurs at г 
(в) 
(С) The speed of wave is 5 m/s 
(D) The wavelength of wave is 0.2 m 
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916. A sound wave of frequency f travels horizontally 

to the right, It is reflected from a large vertical plane 

surface moving to left with a speed v. The speed of 

sound in medium is ©. 

(A) The number of waves striking the surface per sec- 
ond is He+0) 


"m 
(В) The wavelength of reflected wave is $254 


(C) The frequency of the reflected wave is et), 
(D) "The number of beats heard by a stationary listener 
to the left of the reflecting surface is TL. 
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917. In an interference arrangement similar to 
Young's double slit experiment, the slits S; and Sz are 
illuminated with coherent microwave sources, each of 
frequency 109 Hz, The sources are synchronized to have 
zero phase difference. The slits are separated by a dis- 
tance d = 150.0 m. The intensity /(9) is measured as a 
function of 0, where @ is defined as shown. If Jo is the 
maximum intensity, then 1(8) for 0 < 0 < 90° is given 
by 


10/2 for 
т/а for 
(C) 0) = 1o for 

(D) 100) is constant for all @ 
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918. From the following statements concerning ideal 
gas at any given tempereture T, select the correct 
one(s), 

(A) The coefficient of volume expansion at constant 
pressure is the same for all ideal gases. 

(B) The average translational kinetic energy per 
molecule of oxygen gas is 3 KT, К being Boltzmann 
constant, 

(C) The mean-free path of molecules increases with de- 
crease in the pressure. 

(D) In a gaseous mixture, the average translational ki- 
netic energy of the molecules of each component is 
different. 
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LD 10. B 
2. B 11, ¢ 

зс 12. B 

4. А 13. D 

Б.С 14. A, B,C 
6. B 15. A, B, C, D 
Т.А 16. A, В, С 
8. C 17. А, 0 

9. A 18. А.С 


Маш Рарег 


‘The main paper in physics is of two hour duration. 
‘There are six descriptive questions of of total marks 
60. 
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Descriptive 


‘There are six questions of 10 marks each. Solve all 
the questions, 
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Q1. In а photoelectric effect set-up, a point source 
of light of power 3.2 x 10-3 W emits mono-energetic 
photons of energy 5.0eV. The source is located at 
a distance of 08 m from the centre of a stationary 
metallic sphere of work function 3.0 eV and of radins 
8.0 x 10-$ m. The efficiency of photoelectrons emission 
one for every 108 incident photons. Assume that the 
sphere is isolated and initially neutral and that. photo- 
electrons are instantly swept away after emission. 


(a) Calculate the number of photoelectrons emitted per 
second, 

(b) Find the ratio of the wevelength of incident light to 
the de-Broglie wavelength of the fastest: photoelec- 
trons emitted. 

(c) It is observed that the photoelectrons emission 
stops at a certain time £ after the light source is 
switched on, Why? 

(d) Evaluate the time t. 
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92. А gaseous mixture enclosed in a vessel of volume 

У consists of one mole of gas A with y = Cp/Cy = 5/3 

and another gas B with 7 = 7/5 at a certain tem- 

perature T. The molecular weights of the gases A 

and B are 4 and 32, respectively. The gases A and 

B do not react with each other and are assumed to 

be ideal. The gaseous mixture follows the equation 

19/3 = constant, in adiebatie processes. 

(a) Find the number of moles of the gas B in the 
gaseous mixture 

(b) Compute the speed of sound in the gaseous mixture 
at 300 К. 

(c) IET is raised by 1 K from 300 K, find the percentage 
change in the speed of sound in the gaseous mixture. 

(d) The mixture is compressed adiabatically to 1/5th 
of its initial volume V. Find the change in its ad 
abatic compressibility in terms of the given quant 
tie 
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Q3. A ray of light travelling in air is incident at graz- 
ing angle (incident angle = 90°) on a long rectangular 
slab of a transparent medium of thickness t = 1.0 m. 
The point of incidence is the origin A(0,0). The 
medium has a variable incex of refraction n(y) given 


by n(y) = [ВИ +1], where k = 1.073. The 
refractive index of air is 1.0. 
v 
At Pina) 
METTE! 
Yi EL 
o ý 
=~ Ae) Ale 


(a) Obtain a relation between the slope of the trajec- 
tory of the ray at а point B(z, y) in the medium 
and the incident angle at that point. 

(b) Obtain an equation for the trajectory y(z) of the 

the medium. 

(c) Determine the coordinates (1, ji) of the point P, 
where the ray intersects the upper surface of the 
slab-air boundary. 

(d) Indicate the path of the ray subsequently. 
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94. A metal rod OA of mass m and length r is kept 
rotating with a constant angular speed w in a vertical 
plane about horizontal axis at the end О. The free end 
А is arranged to slide without friction along a fixed 
conducting circular ring in the same plane as that of 
rotation. А uniform and constant magnetic induction 
B is applied perpendicular and into the plane of rotation 
as shown in the figure, An inductor L and an external 
resistance А аге connected through a switch between 
‘the point О and a point C on the ring to form an electric 
circuit. Neglect the resistance of the ring and the rod. 
Initially, the switch is open. 


(a) What is the induced emf across the terminals of 
the switch? 
(b) The switch S is closed at time t = 0, 
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(i) Obtain an expression for the current as a func- 
tion of time, 

(ii) In the steady state, obtain the time depen- 
dence of the torque required to maintain the 
constant angular speed. Given that the rod 
ОА was along the positive z-axis at t = 0. 
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95. A container of large uniform cross-sectional area 
А resting on a horizontal surface, holds two immisci 
ble, non-viscous and incompressible liquids of densities 
d ond 2d, each of height H/? as shown in the figure, The 
lower density liquid is open to the atmosphere having 
pressure po. 


н 


(a) А homogeneous solid cylinder of length L(L < 


H2), cross-sectional area А/5 is immersed such 
that it floats with its axis vertical at the liquid- 
liquid interface with length 2/4 in the denser liquid. 
Determine, 


(i) the density of the solid. 
(ii) the total pressure at the bottom of the con- 
tainer. 

(b) The cylinder is removed and the original arrange- 
ment is restored. А tiny hole of area s(s € A) is 
punched on the vertical side of the container at a 
height А (А < H/2). Determine, 
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(i) the initial speed of efflux of the liquid at the 
hole. 
(ii) the horizontal distance 2 travelled by the liq- 
‘uid initially. 
(iii) the height Am at which the hole should be 
punched so that the liquid travels the maxi- 
mum distance £m initially. Also calculate £m 


[Neglect the air resistance in these calculations. 
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96. A rectangular rigid fixed block has a long horizon 
tal edge. А solid homogenous cylinder of radius А 
placed horizontally at rest with its length parallel to the 
edge such that the axis of the cylinder and the edge of 
the block are in the same vertical plane as shown in the 
figure. There is sufficient friction present at the edge, 
so that a very small displacement causes the cylinder to 
roll off the edge without slipping. Determine, 


(a) the angle @ through which the cylinder rotates be- 
fore it leaves contact with the edge. 

(b) the speed of the centre of mass of the eylinder before 
leaving contact with the edge. 

(c) the ratio of the translational to rotational kinetic 
energies of the cylinder when its centre of mass 
in horizontal line with the edge. 
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Answers 


1. (a) 105 /5 (b) 286 (c) 
Emission of photoelec- 
trons is stopped when 
its potential is equal 
to the stopping poten- 
tial required for the 
fastest moving elec- 
trons. (d) 115 

2. (a) 2 mol (b) 401 m/s 
(c) 0.167% (d) -8.27 x 
1075 

3. (a) slope = coti 
b) 4^ = z 
(c) (4m,1m) (d) the 
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‘The part (B) has descriptive questions. Total marks of 
the paper is 100 and there is no negative marking. 
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One Option Correct 


This is part (A) of the paper. There are six ques- 
tions in this section. Each question has four options 
(А), (B), (C) and (D). Only one of these four options i 
correct, Each question is of one mark. 
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Q1. Consider o-particles, S-particles and 7-rays each 
having an energy of 0.5 MeV. In increasing order of 
penetrating powers, the radiations are 

(А) a. (В) 0,78 (С) 4,7,0 (D) 7.8,а 
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92. A narrow slit of width 1 mm is illuminated by 
monochromatic light of wevelength 600 nm, The dis- 
tance between the first minima on the either side of a 
screen at a distance of 2 m is 

(А) L2em (B) 1.2mm (C) 24 em (D) 24mm. 
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Q3. Spherical aberration in a thin lens can be reduced 
by 

(A) using a monochromatic light. 

(B) using a doublet combination, 

(С) using a circular annular mask over the lens. 

(D) increasing the size of the lens 
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94. A particle of mass m is moving in a circular path of 
constant radius r such that its centripetal acceleration 
ас is varying with time £ ав ae = K?rf?, where k is a 
constant, The power delivered to the particle by the 
force acting on it is 

(A) элт (B) mk?r?t (C) dk rt (D) zero 
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95. A block of mass 0.1 kg is held against a wall by 
applying a horizontal force of 5 N on the block. If the 
coefficient of friction between the block and the wal 
0.5, the magnitude of the frictional force acting on the 
block is 

(A) 25 (В) 098 М (C) 49N (D) 049N 
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96. Fast neutrons can easily be slowed down by 
(A) the use of lead shielding. 

(B) passing them through heavy water. 

(C) elastic collisions with heavy nuclei. 

(D) applying a strong electric field. 
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One ог More Option(s) Correct 

‘This is also part (A) of the paper. ‘There are six 
questions in this section. Esch question has four options 
(A), (B), (C) and (D). One or more than one of these 
four option(s) is(are) correct. Each question is of two 
marks, 
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QT. Two bodies A and В have thermal emissivities of 
0.01 and 0.81, respectively. The outer surface area of 
‘the two bodies are the same. The two bodies emit to- 
tal radiant power at the same rate, The wavelength 
в corresponding to maximum spectral radiance in the 
radiation from B is shifted from the wavelength corre- 
sponding to maximum spectral radiance in the radiation 
from A by 1.00 um. If the zemperature of A is 5802 К, 


(A) the temperature of B is 1934 К. 
(B) в = 1.5 um. 

(С) the temperature of B is 11604 К. 
(D) the temperature of B's 2901 К. 
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98. When photons of energy 4.25 eV strike the sur- 
face of a metal A, the ejected photoelectrons have max- 
imum kinetic energy Та eV and de-Broglie wavelength 
Ма. The maximum kinetic energy of photoelectrons 
liberated from another me:al B by photons of energy 
4.70 eV is Tp = (TA — 1.50 eV). If the de-Broglie wave- 
length of these pho 2Na, then, 

(A) the work funet 
(в 
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Q9. Which of the following statement(s) is (are) cor- 
rect? 
(A) The rest mass of a steble nucleus is less than the 
sum of the rest: masses of its separated nucleons. 
(B) The rest mass of a stable nucleus is greater than the 
s separated nucleons. 
ion, energy is released by fusing two 
nuclei of medium mass (approximately 100 u). 
(D) In nuclear fission, energy is released by fragmenta- 
tion of a very heavy nucleus. 
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910. The magnitudes of the gravitational field at dis- 
tance rı and ra from the centre of a uniform sphere of 
radius R and mass M are А and Fy respectively, then, 


(A) В- пин < R andra < R 
(в) B= H ifn >Radr> R 
(C) &- H ifr < R andra < R 
(D) B= ifn <Randn<R 
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Q11. H*, Het and O?* all having the same kinetic 
energy pass through a region in which there is а uni- 
form magnetic field perpendicular to their velocity. The 
masses of H*, Het and O^* are 1 u, 4u and 16u re- 
spectively. Then, 

(A) H* will be deflected most. 

(В) 02+ will be deflected most. 

(C) He* and O?* will be deflected equally. 

(D) all will be deflected equally. 
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912. Two different coils have self-inductances Ly = 
SH and L = 2mH. The current in one coil is in- 
creased at a constant rate. The current in the second 
coil is also increased at the same constant rate, At a 
certain instant of time, the power given to the two coils 
isthe same. At that time, the current, the induced volt- 
age and the energy stored in the first coil are in, Vi and 
W; respectively. Corresponding values for the second. 
coil at the same instant are їз, Vz and We respectively. 
Then, 

(A) 2-21 (в) 


10 5-4 0) 
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Fill in the Blank Type 


‘This is also part (A) of the paper. There are five 
fill in the blank type questions im this section. Each 
‘question is of two marks. 
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913. An ideal gas with pressure р, volume V and tem- 
perature T is expanded isothermally to a volume 2V 
and a final pressure ри. If the same gas is expanded 
adiabatically to a volume 2V, the final pressure is pa. 
‘The ratio of the specific heats of the gas is 1.67. The 
ratio pa/pi is... 
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914. The magnitude of the force (in newton) acting on 
а body varies with time t (in microseconds) as shown in 
the figure. AB, BC and CD are straight line segments, 
‘The magnitude of the total impulse of the force on the 
body from t = 4 us to t= 16 ps is ...... Ns 


10) 


03468101 
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915. A bus is moving towards a huge wall with a ve- 
locity of 5 m/s. The driver sounds a horn of frequency 
200 Ни. The frequency of the beats heard by a pas- 
senger of the bus will be ...... Hz. [Speed of sound 

342 mf. 
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916. An object of mass 0.2 kg executes simple har- 
monic oscillations along the z-axis with frequency of 
25/7 Hz. At the position 2 = 0.04, the object has ki- 
netic energy of 0.5 J and potential energy of 0.4 J. The 
amplitude of oscillations is...... m. 
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Q17. A horizontal pipeline carries water in a stream- 
line flow. At a point along the pipe, where cross- 
sectional area is 10 em?, the water velocity is 1 m/s and 
the pressure is 2000 Ра. The pressure of water at an- 
other point where the cross-sectional area is 5 em?, is 
Pa. [Density of water = 10° kg/m? 
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Descriptive 


‘This is part (B) of the paper. ‘There are 12 de- 
scriptive questions in this section. Each question is of 
six marks, 
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918. Two towers AB and CD are situated a distance 
d apart as shown in the figure. AB is 20 m high and 
CD is 30m high from the ground, An object of mass 
т is thrown from the top of AB horizontally with a 
velocity of 10 m/s towards CD. Simultaneously another 
object of mass 2m is thrown from the top of CD at an 
angle of 60° to the horizontal towards AB with the same 
magnitude of initial velocity as that of the first object. 
‘The two objects move in the same vertical plane, collide 
in mid-air and stick to each other. 


2m 
c 


(a) Calculate the distance d between the towers. 
(b) Find the position where the objects hit the ground. 
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919. Two uniform rods А and B of length 0.6m 
each and of masses 0.01 kg and 0.02 kg respectively are 
rigidly joined end to end. The combination is pivoted 
at the lighter end, P as shown in the figure, such that 
it can freely rotate about point P in a vertical plane. A 
small object of mass 0.05 kg, moving horizontally, hits 
the lower end of the combination and sticks to it. What 
should be the velocity of the object, so that the system 
could just be raised to the horizontal position? 


P 


IIT JEE 1994 Paper 1376 


920. A block X of mass 0.5 kg is held by a long mass- 
less string on a frictionless inclined plane of inclination 
30° to the horizontal. The string is wound on a uni- 
form solid cylindrical drum Y of mass 2 kg and of ra- 
dius 0.2 m as shown in the figure. The drum is given 
an initial angular velocity such that the block X starts 
moving up the plane. 


A 


(a) Find the tension in the string during the motion. 

(b) At a certain instant of time the magnitude of the 
angular velocity of Y is 10 rad/s. Calculate the 
distance travelled by X from that instant of time 
until it comes to rest. 
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Q21. Two parallel vertical metallic rails AB and CD 
are separated by 1 m. They are connected at two ends 
by resistances f and Rz as shown in the figure. А 
horizontal metallic bar of mass 0.2 kg slides without 
friction vertically down the rails under the action of 
gravity. There is a uniform horizontal magnetic field 
of 0.6 T perpendicular to the plane of the rails. It is 
Observed that when the terminal velocity is attained, 
the powers dissipated in Љу and Ra are 0.76 W and 
1.2 W, respectively. Find the terminal velocity of the 
bar and the values of № and Ra. 


A m c 
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922. A long horizontal wire AB, which is free to move 
in a vertical plane and carries a steady current of 20 A, 
is in equilibrium at a height of 0.01 m over another par- 
allel long wire CD which is fixed in a horizontal plane 
and carries a steady current of 30 А, as shown in the 
figure. Show that when AB is slightly depressed, it ex- 
ecutes SHM. Find the period of oscillations. 


a— se 
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Q23. Two square metal plates of side 1m are kept 
0.01 m apart like a parallel plate capacitor in air in such 
a way that one of their edges is perpendicular to an 
oil surface in a tank filled with an insulating oil. The 
plates are connected to a battery of emf 500 V. The 
plates are then lowered vertically into the oil at a speed 
of 0.001 m/s. Calculate the current drawn from the 
battery during the process. [Dielectric constant of oil 
11, éo = 8.85 x 1072 СУ 12] 
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924. A metallic rod of length 1 m is rigidly clamped 
at its mid point. Longitudinal stationary waves are 
set-up in the rod in such a way that there are two 
nodes on either side of the mid-point. The amplitude 
of an antinode is 2x 1076 ш. Write the equation of 
motion at a point 2 сш from the mid-point and those 
of the constituent waves in the rod. [Young’s modu- 
Tus of the material of the rcd = 2 x 1011 N/m?, density 
= 8000 kg/m] 
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925. An image Y is formed of a point object X by 
а lens whose optic axis AB is as shown in the figure. 
Draw a ray diagram to locate the lens and its focus. If 
the image У of the object X is formed by a concave 
mirror (having the same optic axis as AB) instead of 
lens, draw another ray diagram to locate the mirror 
and its focus. Write down the steps of construction of 
the ray diagrams. 


E 


= 
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Q26. A closed container of volume 0.02 m contains a 
mixture of neon and argon gases, at a temperature of 
27 °С and pressure of 1 x 10° N/m?, The total mass of 
the mixture is 28g. If the molar masses of neon and 
argon are 20 g/mol and 40 g/mol respectively, find the 
masses of the individual gases in the container assuming. 
them to be ideal [R = 8.314 J/mol К]. 
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Q7. An ideal gas is taken through a cyclic thermody- 
namic process through four steps. The amounts of heat 
involved in these steps are Q1 = 5060 J, Qa = —5585 J, 
Qa = -2080 J and Q4 = 3645 J, respectively. The 
corresponding quantities of work involved are Wi = 
2200 J, Wa = —825 J, Wa = —1100 J and Wa respec- 
tively. 

(a) Find the value of Wa. 

(b) What is the efficiency of the cycle? 
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928. А hydrogen like atom (atomic number Z) is in a 
higher excited state of quartum number n. The excited 
atom can make a transition to the first excited state by 
successively emitting two photons of energy 10.2 eV and. 
17.0е\ respectively. Alternately, the atom from the 
same excited state can make a transition to the second 
excited state by successively emitting two photons of 
energy 4.25 eV and 5.95 eV respectively. Determine the 
values of n and Z. [Ionization energy of H atom = 
13.6 eV] 
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Q29. А small quantity of solution containing Na?* ra- 
dio nuclei (halflife = 15 h) of activity 1.0 pCi is injected. 
into the blood of a person. A sample of the blood of 
volume 1 сш? taken after 5 В shows an activity of 206 
disintegration per minute. Determine the total volume 
of the blood in the body of the person. Assume that 
the radioactive solution mixes uniformly in the blood of 
the person. [1 Ci = 3.7 x 1019 disintegration per sec- 
ond] 
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Answers. 


LA 19. 6.3 m/s 
2. D 20. (a) 1.63 N (b) 1.22m 

3.0 21. 1ш/з, Ri = 0.479, 

4. В m =032 

a a 22. 0. 

E . 4425 x 1079 

Laer ree 

ве 10-9 sin(0.Lz) «(2500 
AA 5 sin(25000m1— 
UB mS 10 (2500 + 

11. А.С = 

А Ji mace + 

13. 0.628 Э 


25. See solution 


x 10-8 
26. m, = 4.074 g, m, = 
16. 0.06 23.926 g 
17. 500 27. (a) 765 J (b) 10.8 % 


18. (a) 17.32 m (b) 11.55 m 28. 6, 3 
from B 29. 5.95 litre 
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‘The paper contains questions of (1) single option correct 
type (2) one or more option(s) correct type (3) ВШ in 
the blank type and (4) deseriptive type. 
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One Option Correct 


Bach question in this section has four options (A), 
(B), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. A star initially has 10% deuterons. It produces 
energy via the processes H? +H? — jH* + р and 
1H? +18? — geh +n. If the average power radiated by 
the star is 1016 W, the deuteron supply of the stai 
exhausted in a time of the order of [The nuclei masses 
are: m(H?) = 2.014 u; m(n) = 1.008 u; m(p) = 1.007 u; 
m(He*) = 4.001 u.] 

(A) 105 (В) 10% s (C) 19? s (D) 105 s 
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92. A particle P is sliding down a frictionless hemi 
spherical bowl. It passes the point A at £ = 0. At thi 
instant of time, the horizontal component of its velocity 
is v. A bead Q of the same mass as Р is ejected from 
A at t = 0 along the horizontal string AB, with the 
speed v. Friction between the bead and the string may 
be neglected. Let tp and fg be the respective times 
taken by P and Q to reach the point B. Then, 


А 2 B 


(А) ьа (B) te 


a 
(C) te»to (D) 12 = боа Аса 
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Q3. Two thin convex lenses of focal lengths f; and fa 
are separated by a horizontal distance d (where d < 
fi, d < fa) and their centres are displaced by a vertical 
separation A as shown in the figure. Taking the origin 
of coordinates, O, at the centre of the first lens, the 1 
and y-coordinates of the focal point of this lens system, 
for а parallel beam of rays coming from the left, аге 
given by 
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Q4. Read the following statements carefully, 

Y: The resistivity of semiconductor decreases with 
increase of temperature, 

Z: In а conducting solid, the rate of collisions be- 
tween free electrons and ions increases with increase in 
temperature. 

Select the correct statement(s) from the following 
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Q5. One end of a long metallic wire of length L is tied 
to the ceiling. The other end is tied to a massless spring, 
of spring constant k. A mass m hangs freely from the 
free end of the spring. The area of cross-section and the 
Young's modulus of the wire are A and Y respectively. 
If the mass is slightly pulled down and released, it will 
oscillate with в time period T equal to 

(А) yE (В) "бр 


(D) 2e fk 
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Q6. A current J flows along the length of an infinitely 
Tong, straight, thin-walled pipe, Then the magnetic field 


(A) at all points inside the pipe is the same, but not 
(B) at any point inside the pipe is zero. 

(C) is zero only on the axis of the pipe. 

(D) is different at different points inside the pipe. 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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Q7. A particle of mass m moves on the z-axis as fol- 

lows: it starts from rest at £ = 0 from the point 2 = 0, 

and comes to rest at t = 1 at the point 2 = 1. No other 

information is available about its motion at intermedi- 

ate times (0 < 2 < 1). Ша denotes the instantaneous 

acceleration of the particle, then, 

(А) а cannot remain positive for all £ in the interval 
o<tsi. 

(B) |а| cannot exceed 2 at any point in its path. 

(C) Ja] must be > 4 at some point or points in its path. 

(D) a must change sign during the motion, but no other 
assertion can be made with the information given. 
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Q8. An ideal gas is taken from the state A (po, Vo) to 
the state В (22,210) along a straight line path in the 
J-V. diagram, Select the ccrrect statement(s) from the 
following, 

(A) The work done by the gas in the process A to B 
exceeds the work that would be done if the system 
were taken from A to B along an isotherm. 

(B) In the T-V diagram, the path AB becomes a part. 
of parabola. 

(C) In the p-T diagram, the path AB becomes a part 
of hyperbola. 

(D) In going from A to B, the temperature T of the 
gas first increases to a maximum value and then 
decreases, 
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Q9. Two blocks A and B each of mass m, are con- 
nected by a massless spring of natural length Z and 
spring constant k. The blocks are initially resting on a 
smooth horizontal floor with the spring at its natural 
length, as shown in the figure. A third identical block 
С, also of mass m, moves on the floor with a speed v 
along the line joining А and В, and collides elastically 
with A. Then, 


(A) the kinetic energy of the A-B system, at maximum 
compression of the spring, is zero. 

(В) the kinetic energy of the A-B system, at maximum. 
compression of the spring, is пи? /4. 

(С) the maximum compression of the spring is vy, 

(D) the maximum compression of the spring is уу. 
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910. A solid sphere of uniform density and radius 4 
units is located with its септе at the origin О of coordi- 
nates, Two spheres of equal radii 1 unit, with their cen- 
tres at A(—2,0,0) and В(2.0,0) respectively, are taken 
out of the solid sphere leaving behind spherical cavities 
as shown in the figure. Then, 


ional field st the point B(2,0, 0) is zero. 
(С) the gravitational potential is the same at all points 
on circle y? + 2? = 36. 
(0) the gravitational potential is the same at all points 
on circle у? + = 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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911. In a ...... biased pn junction, the net flow of 
holes is from the n region to the p region. 
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912. A stone of mass m, tied to the end of a string, 
is whirled around in a horizontal circle. (Neglect the 
force due to gravity). The length of the string is те- 
duced gradually keeping the angular momentum of the 
stone about the centre of the circle constant. Then, the 
tension in the string is given by T = Ar^, where A is 
в constant, г is the instantaneous radius of the circle. 
Then n 
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913. А uniform rod of length L and density p is being 
pulled along a smooth floor with а horizontal accelera- 
tion а (see figure), The magnitude of the stress at the 
transverse cross-section through the mid-point of the 
rod is... 
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QA. Ina straight conducting wire, a constant current 
is flowing from left to right due to а source of emf. When 
n of the induced. 


current in the wire will be. 
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915. A container of volume 1 m? is divided into two 
equal parts by a partition, One part has an ideal gas at 
300 К and the other part is vacuum. The whole system 
is thermally isolated from the surroundings, When the 
partition is removed, the gas expands to occupy the 
whole volume. Its temperature will now be 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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Q16. An electron gun G emits electrons of energy 
2 keV travelling in the positive z direction. The elec- 
trons are required to hit the spot S where GS = 0.1 m, 
and the line GS makes an angle of 60° with the z-axis 
as shown in the figure. A uniform magnetic field Ё 
parallel to GS exists in the region outside the electron 
gun, Find the minimum value of В needed to make the 
electrons hit S; 
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917. A rectangular frame ABCD, made of uniform 
metal wire, has a straight connection between E and F 
made of the same wire, as shown in the figure, AEFD 
is a square of side 1m and EB = FC = 0.5m. The 
entire circuit is placed in a steadily increasing uniform 
magnetic field directed inte the plane of the paper and 
mal to it. The rate of change of the magnetic field 
1 T/s. The resistance per unit length of the wire 
1 ла, Find the magnitudes and directions of the cur- 
rents in the segments AE, BE and EF. 


A E B 
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918. А circular ring of radius R with uniform positive. 
charge density A per unit length is located in the y-= 
plane with its centre at the origin О. А particle of mass 
т and positive charge q is projected from the point 
P(RV3,0,0) on the positive x-axis directly towards О, 
with an initial speed v. Find the smallest (non-zero) 
value of the speed v such that the particle does not. 
return to P. 
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919. Two parallel plate capacitors A and В have the 
same separation d = 8.85 x 10-* m between the plates, 
‘The plate areas of A and B are 0.04 m? and 0.02 m?, 
respectively. A slab of dielectric constant (relative per- 
mittivity) К = 9 has dimensions such that it can ex- 
actly fill the space between the plates of capacitor В. 


| XTTE 


uV o qu (шу 


(a) The dielectric slab is placed inside А as shown in the 
figure (i). A is then charged to a potential difference 
of 110 V. Calculate the capacitance of A and the 
energy stored in it. 

(b) The battery is disconnected and then the dielectric 
slab is removed from A. Find the work done by the. 
external agency in removing the slab from А. 

(c) The same dielectric slab is now placed inside B, fill 
ing it completely. The two capacitors A and B are 
then connected as shown in the figure (iii). Caleu- 
late the energy stored in the syste 
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920. Two identical balls A and B, each of mass 0.1 kg, 
are attached to two identical massless springs. The 
spring-mass system is constrained to move inside a rigid 
smooth pipe bent in the form of a circle as shown in the 
figure. The pipe is fixed in a horizontal plane. The cen- 
tres of the balls can move in a circle of radius 0.06 m. 
Each spring has a natural length of 0.067 m and spring 
constant 0.1 N/m. Initially, both the balls are displaced 
by an angle @ = 7/6 rad with respect to the diameter 
PQ of the circle (sce figure) and released from rest. 


(a) Calculate the frequency of oscillation of ball B. 

(b) Find the speed of ball A when A and В are at the 
two ends of the diameter PQ. 

(c) What is the total energy of the system? 
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921. Two radio stations broadcast their programs аб 
the same amplitude A and at slightly different frequen- 
cies ол and w respectively, where ал — wa = 10° Ни 
А detector receives the signals from the two stations 
simultaneously. It can only detect signals of intensity 
224. 

(a) Find the time interval between successive maxima 
of the intensity of the signal received by the detec- 
tor. 

(b) Find the time for which the detector remains idle 
in each cycle of the intensity of the signal, 
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922. In given figure, S is а monochromatic point 
source emitting light of wavelength A=500 nm. A thin 
Jens of circular shape and focal length 0.10 m is cut 
into two identical halves L; and Га by a plane passing 
through a diameter. The two halves are placed symmet- 
tically about the central axis SO with a gap of 0.5 mm. 
‘The distance along the axis from 5 to Ly and La 
0.15 m while that from Ly and Za to О is 1.30 m. The 
screen at О is normal to SO, 


Vasm "130m 


(a) If the third intensity maximum occurs at the point 
A on the screen, find the distance OA. 

(b) If the gap between Ly and La is reduced from its 
original value of 0.5 mm, will the distance OA in- 
crease, decrease, or remain the same, 
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923. One mole of a monatomic ideal gas is taken 
through the cycle shown in the figure. A — В is adia- 
batie expansion, B — C is cooling at constant volume, 
C + D is adiabatic compression, and D — A is heat- 
ing at constant volume. Tke pressure and temperature 
at A, В, ete., are denoted by pa, Ta, рв, Tg ete., re- 
spectively. Given that Ta = 1000 К, pg = 3pa and 
Jc = ipa, calculate the following quantities, [Given: 
(2/3) = 0.85] 


(a) The work done by the gas in the process A > В. 
(b) The heat lost by the ges in the process B — C. 
(c) The temperature Tp. 
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924. А uniform thin rod of mass m and length L 

standing vertically along the y-axis on a smooth hori 

zontal surface, with its lower end at the origin (0,0). A 

slight disturbance at ё = 0 causes the lower end to slip 

оп the smooth surface along the positive x-axis, and the 

rod starts falling. 

(a) What is the path followed by the centre of mass of 
the rod during its fall? 

(b) Find the equation of the trajectory of a point on 
the rod located at a distance r from the lower end. 
What is the shape of the path of this point? 
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925. А cylindrical solid of mass 107? kg and cross- 
sectional area 10~* m? is moving parallel to its axis (the 
zaxis) with a uniform speed of 10° m/s in the positive 
direction. At £ = 0, its (ront face passes the plane 
2—0. The region to the right of this plane is filled 
with stationary dust particles of density 107 kg/ni*. 
When a dust particle collides with the face of cylinder 
sticks to its surface. Assuming that the dimensi 
of the cylinder remain practically unchanged and that 
the dust sticks only to the front face of the cylinder 
find the coordinate of the front face of the cylinder at 
t= 1505. 
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926. А hemispherical bow! of radius R — 0.1 m is ro 
tating about its own axis (which is vertical) with an 
angular velocity w. A particle of mass 1072 kg on the 
frictionless inner surface of the bowl is also rotating 
with the same w. The particle is at a height A from the 
bottom of the bowl. 

(a) Obtain the relation between A and w. What is the 
minimum value of w needed, in order to have а non- 
zero value of h? 

(b) It is desired to measure g (acceleration due to grav- 
ity) using the set-up by measuring A accurately. As- 
suming that R and w are known precisely and that 
the least count in the measurement of А is 1074 m, 
‘what is minimum possible error Ag in the measured 
value of g? 
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927. A neutron of kinetic energy 65 eV collides inelas- 
tically with a singly ionized helium atom at rest. It i 
scattered at an angle of 90° with respect to its original 
direction, 

(a) Find the allowed values of the energy of the neutron 
and that of the atom after collision. 

(b) If the atom gets de-excited subsequently by emit 
ting radiation, find the frequencies of the emitted. 
radiation, 

[Given: mass of He atom = 

ization energy of H atom 


x (mass of neutron), ion- 
3.6eV.] 
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Answers 


1c 20. (a) 2 Hz (b) 0.0628 m/* 
2A (6) $9 x 107+ J 
$c 


21. (a) — 628x105 


*c (b) 3.14 x 10735 

5. В 

6B 22, (a) 1 mm (b) increase. 
Т.А, 23. (a) 1870 J (b) -5300 J 


g 
8. A, B, D (c) 500K 
B,D 24. (a) vertical straight 


10. A, C, D ki 

11. reverse line (b) gue 

12. -3 1 = 1, ellipse 

dle dria. 

14. Іей to right 

е 26. (a) h = R- 

16. 4.73 x 10-9 T ate 9.80 rad/s 

17. А (EA), 0) 98х 1072 m/s? 
HA (ВЕ), FA 27. (a) 630eV, 0312eV 
Ев) (of neutron), 

18. VaM Qam) 17.1 еу, 16.328 eV. 

19. (a) 2x10 F, (ofatom) (b) 1.82 x 10" 


L21 x 105 J (b) 4.84 x 10167 x 10! Hz, 
(911 x 10-8 9.84 x 1015 На 
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‘The paper contains questions of (1) single option correct 
type (2) one or more option(s) correct type (3) ВШ in 
the blank type and (4) deseriptive type. 
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One Option Correct 


Bach question in this section has four options (A), 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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91. A car is moving in a circular horizontal track of 
radius 10 m with a constant speed of 10 m/s. А plumb 
bob is suspended from the roof of the car by a light 
rigid rod. The angle made by the rod with the vertical 
is [Take g = 10 m/s?.] 

(A) zero (B) 30° (C) 45° (D) 60° 


IIT JEE 1902 Paper 1425 


Q2. A tube of length L is filled completely with an 
incompressible liquid of mass M and closed at both the 
ends, The tube is then rotated in a horizontal plane 
about one of its ends with a uniform angular velocity 
w. The force exerted by the liquid at the other end is 
(A) MÊL (B) мел, (C) РЕ (р) мыла 
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Q3. A highly rigid cubical block A of small mass M 
and side Z is fixed rigidly ол to another cubical block В 
of the same dimensions and of low modulus of rigidity 
n such that the lower face of A completely covers the 
upper face of В. The lower face of В is rigidly held on 
в horizontal surface. А small force F is applied per- 
pendicular to one of the side faces of А. After the force 
is withdrawn, block A executes small oscillations, the 
time period of which is given by 


(A) злу (B) оту 


(© м/м (D) му 
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94. Two identical thin rings, each of radius R, are 
coaxially placed a distance R apart. If Qi and Оз are 
respectively the charges uniformly spread on the two 
rings, the work done in moving a charge q from the 
centre of one ring to that of the other is 

aaro 8-14, Qa 
(A) Е m nN 

РСЯ ETCH 

(С) Чья (0) анау 
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95. Three closed vessels A, В and C are at the 
same temperature T and contain gases which obey the 
‘Maxwellian distribution of velocities. Vessel A contains 
only Oz, В only Na, and C a mixture of equal quantities 
of Oz and Na. If the average speed of the Оз molecules 
in vessel A is vy, that of № molecules in vessel B is vz, 
the average speed of the Оз molecules in vessel C is [M 
is the mass of an Оз molecule.) 


(A) 53 Ва © у» (D) VSET/AT 
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96. The displacement y of a particle executing peri 
ое motion is given by y = 1605 (1/2) sin(10000). Thi 
expression may be considered to be a result of the su- 
perposition of independent harmonie motions. 
(A) two (B) three (C) four (D) five 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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ОТ. In an n-p-n transistor circuit, the collector current 
is 10 mA, If 90% of the electrons emitted reach the 
collector, 

(A) the emitter current will be 9 mA. 

(В) the emitter current will be 11 mA. 

(C) the base current will be 1 mA. 

(D) the base current will be —1 mA. 
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98. The moment of inertia of a thin square plate 
ABCD, of uniform thickness about an axis passing 
‘through the centre О and perpendicular to the plane 
of the plate is (where Л, I», Js and 74 are respectively 
moment of inertia about axes 1, 2, 3 and 4 which are in 
the plane of the plate.) 


(A) ha. (B) ls Ia 
(C) hls. (D) hf lala 
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Q9. A planet is observed by an astronomical refracting, 
telescope having an objective of focal length 16m and 
an eyepiece of focal length 2 em, 

(A) ‘the distance between the objective and the eyepiece 

is 16.02 m. 

(В) the angular magnification of the planet is —800. 
(С) the image of the plane: is inverted. 
(D) the objective is larger than the eyepiece. 
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Q10. When a monochromatic point source of light is 
at a distance of 0.2 m from a photoelectric cell, the cut- 
off voltage and the saturation current are 0.6 V and 
18.0 mA, respectively. If the same source is placed 
0.6 m away from the photoelectric cell, then, 

(А) the stopping potential will be 0.2 V. 

(B) the stopping potential will be 0.6 V. 
(С) the saturation current will be 6.0 mA. 
(D) the saturation current will be 2.0 mA. 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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Q11. The electric potential V at any point z, y, z (all 
in metre) in space is given by V = 422 volt, The electric 
field at the point (1 m,0m.2m) is ...... V/m. 
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912. In an X-ray tube, electrons accelerated through 
а potential difference of 15,000 V strike а copper tar- 
get. The speed of the emitted X-ray inside the tube 
в m/s. 
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913. In the Bohr model of the hydrogen atom, the 
ratio of the kinetic energy to the total energy of the 
electron in a quantum state n is 
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914. In the nuclear process, 6C™ — 5B" + 8* +X, 
X stands Гог. 
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915. Five point charges, each of value +q coulomb, 
are placed on five vertices of a regular hexagon of side L 
metre, The magnitude of the force on the point charge 
of value — coulomb placed at the centre of the hexagon 
i newton. 
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Q16. A cylindrical resonance tube open at both ends 
has fundamental frequency f in air. Half of the length of 
the tube is dipped vertically in water. The fundamental 
frequency to the air column now іх... 
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QT. A substance of mass M kg requires a power input 
of P watts to remain in the molten state at its melting 
point, When the power source is turned off, the sample 
completely solidifies in time ¢ seconds, The latent heat 
of fusion of the substance is 
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918. If eo and ро are, respectively, the electric permit- 
ivity and magnetic permeability of free space, € and je 
the corresponding quantities in a medium, the index of 
refraction of the medium in terms of the above param- 
eters is. 
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919. The resolving power of electron microscope is 
higher than that of an optical microscope because the 
wavelength of electron is ......than wavelength of the 
ible Tight. 
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920. A ray of light undergoes deviation of 30° when 
incident on an equilateral prism of refractive index v2. 
‘The angle made by the ray inside the prism with the 
base of the prism is 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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Q1. Light from discharge tube containing hydrogen 

atoms falls on the surface of a piece of sodium. The ki- 

netic energy of the fastest photoelectrons emitted from 

sodium is 0.73eV. The work function for sodium is 

1.82 eV. Find, [Given, ionization potential of hydrogen 

is 13.6 eV] 

(a) the energy of the photons causing the photoelec- 
trons emission. 

(b) the quantum numbers of the two levels involved in 
‘the emission of these photons. 

(c) the change in the angular momentum of the electron. 
in the hydrogen atom in the above transition. 

(d) the recoil speed of the emitting atom assuming it 
to be at rest before the transition, 
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922. A cylindrical block of length 0.4m and area 
of cross-section 0.01 m? is placed coaxially on a thin 
metal disc of mass 0.1 kg and of the same cross-section. 
‘The upper face of the cylirder is maintained at a con- 
stant temperature of 400 К and the initial tempera- 
ture of the disc is 300 К. If the thermal conductivity 
of the material of the eyliader is 10 W m~? K-? and 
the specific heat capacity of the material of the 
600 J kg! К-1, how long will it take for the temper- 
ature of the dise to incresse to 350 К? Assume, for 
purpose of calculation, the thermal conductivity of the 
disc to be very high and the system to be thermally 
insulated except for the upper face of the cylinder. 
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Q23. Light is incident at an angle a on one planar end 
of a transparent cylindrical rod of refractive index n. 
Determine the least value of во that the light entering 
the rod does not emerge from the curved surface of the 
rod irrespective of the value of a. 
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924. Answer the following questions, 

(a) A charge Q is uniformly distributed over a spherical 
volume of radius R. Obtain an expression for the 
energy of the system. 

(b) What will be the corresponding expression for the 
energy needed to completely disassemble the planet 
earth against the gravitational pull among its con- 
stituent particles? [Assume the earth to be sphere 
of uniform mass density. Calculate this energy, 
given the product of the mass and the radius of 
the earth to be 2.5 x 109! kg m.] 

(c) If the same charge Q as in part (a) is given to a 
spherical conductor of the same radius Rt, what will 
be the energy of the system? 
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925. A straight segment OC (of length L) of a circuit 
carrying a current T is placed along the z-axis. Two 
infinitely long straight wires A and B, each extending 
from 2 = —oc to +оо, are fixed at y = —a and y = +a 
respectively, as shown in the figure. If the wires A and 
B each carry a current Г into the plane of the paper, 
obtain the expression for force acting on the segment 
ОС. What will be the force on OC if the current in the 
wire B is reversed? 
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Q26. A ball of density d is dropped on to a horizontal 
solid surface. It bounces elastically from the surface 
and returns to its original position in time fy. Next, 
the ball is released and it falls through the same height 
before striking the surface of density dz. 


(a) Ifd < dg, obtain an expression (in terms of d, t 
and dr.) for the time tz the ball takes to come back 
to the position from which it was released. 

(b) Is the motion of the ball simple harmonic? 

(c) If d = dz, how does the speed of the ball depend 
on its depth inside the liquid? Neglect all frictional 
and other dissipative forces. Assume the depth of 
the liquid to be large. 
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Q7. A homogeneous rod AB of length | — L8 m and 
mass M is pivoted at the centre О in such a way that it 
can rotate freely in the versical plane (see figure). The 
rod is initially in the horizontal position, An insect S 
of the same mass M falls vertically with speed v on the 
point С, midway between the points О and B. Immedi- 
ately after falling, the insect moves towards the end В 
such that the rod rotates with a constant angular ve- 
locity w. 


(a) Determine the angular velocity w in terms of v and 
1. 

(b) If the insect reaches the end B when the rod has 
turned through an angle 90°, determine v. 
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928. Two moles of helium gas undergo a cyclic process 
as shown in the figure. Assuming the gas to be ideal, 
calculate the following, quantities in this process. 


тек) 


(a) The net change in the heat energy. 
(b) The net work done. 
(c) The net change in internal energy. 


IIT JEE 1992 Paper 
Answers. 


c 
A 
D 
B 
5. B 
B 
B, 
A, 
А, 


12. 3x 108 
13. —1 
14. neutrino, 


16. f 
17. BE Ifl 


1455 
18. [e 

19. smaller 

20. zero. 

21. (a) 2.55 eV (b) 43.2 


(c) —5 (d) 0.814 m/s 
22. 1665 
23. У 
24. (8) syste (0 SIE 
1.5 x 10? J (c) gy 
25. F- P in (23e), 
zero 
26. (a) 424; (b) no (e) re- 
27. (a) 12v/(71) (b) 3.5 m/s 
28. (a) 1152 J (b) 1152 J 
(©) zero 
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‘The paper contains questions of (1) one or more ор- 
tion(s) correct type (2) fll in the blank type and (3) de- 
seriptive type. 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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91. A uniform bar of length ба and mass 8m lies on 
а smooth horizontal table. Two point masses m and 
2m moving in the same horizontal plane with speed 2v 
and v respectively, strike the bar (see figure) and stick 
to the bar after collision, Denoting angular velocity 
(about the centre of mass), total energy and centre of 
mass velocity by w, E and re respectively, we have after 
collision, 


£l 
Г. 
сі 
= 
[d 
= 


(A) ve =0 (В) ш 8 (C) w= (D) Е = бт 
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Q2. Two identical straight wires are stretched so as to 
produce 6 beats/s when vibrating simultaneously. On 
changing the tension slightly in one of them, the beat 
frequency remains unchanged. Denoting by T} and Ta 
the higher and lower initial tension in the strings, then 
it could be said that while making the above changes in 
a Te il ВРЕТ (В) Tz was increased 

(C) Ti was decreased (0) Ti was increased 
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Q3. A microammeter has a resistance of 100 9 and full. 
scale range of 50 pA. It can be used as a voltmeter or as 
а higher range ammeter provided a resistance is added 
to it, Pick the correct range and resistance combina- 
tion(s), 

(A) 50 V range with 10 КО resistance in series. 

(В) 10 V range with 200 kQ resistance in series. 

(C) 5 mA range with 1 © resistance in parallel 

(D) 10 mA range with 1 © resistance in parallel 


IIT JEE 1991 Paper 1462 


94. A parallel plate capacitor of plate area A and plate. 
separation d is charged to potential difference V and 
then the battery is disconnected. А slab of dielectric 
constant К is then insertel between the plates of the 
capacitor so as to fill the space between the plates. If Q, 
E and W denote respectively, the magnitude of charge 
оп each plate, the electric field between the plates (after 
the slab is inserted), and work done on the system in 
on, in the process of inserting the slab, then, 


s Во 
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95. A particle of charge +q and mass m moving under 
the influence of a uniform clectrie field E? and uniform 
magnetic field Bk follows а trajectory from P to Q as 
shown in figure. The velocities at P and Q are vi and 
—2vj. Which of the following statement(s) is (are) cor- 
rect? 


+B 


20 


(A) B= 3 [me 

(B) Rate of work done by the electric field at P is 
(C) Rate of work done by the electric field at P is zero. 
(D) Rate of work done by both the fields at @ is zero. 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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Q6. A solid copper sphere (density p and specific heat 
0) of radius г at an initial temperature 200 K is sus- 
pended inside a chamber whose walls are at almost 0 К. 
‘The time required for the temperature of the sphere to 
drop to 100 K is 
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Q7. A point source of heat of power P is placed at 
the centre of а spherical shell of mean radius R. The 
material of the shell has thermal conductivity A. If 
the temperature difference between the outer and inner. 
surface of the shell is not to exceed T, the thickness of 
the shell should not be less than ..... 
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Q8. A slab of material of refractive index 2, shown 
in the figure, has a curved surface APB of radius of 
curvature 10 em and a plane surface CD. On the left. 
of APB is air and on the right of CD is water with 
refractive indices as given ia the figure. An object O is 
placed at a distance 15 em from the pole P as shown. 
‘The distance of the final image of О from P, as viewed 
from left is .. 
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99. A thin rod of length 7/3 is placed along the optic 
axis of a concave mirror of focal length f such that its 
image, which is real and elongated, just touches the rod. 
‘The magnification is 
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910. A piece of metal ficats on mercury. The coef- 
ficient of volume expansion of the metal and mercury 
are 71 and 92, respectively. If the temperatures of both 
mercury and the metal are increased by an amount AT, 
the fraction of the volume of the metal submerged in 
mercury changes by the factor 
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Q11. For the given circuit shown in figure to act as 
full wave rectifier, the AC input should be connected 
across and the DC output would appear across 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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Q12. The displacement ofthe medium in a sound wave 

is given by the equation y; = Acos(ax + bt), where A, 

a and b are positive constants. The wave is reflected 

by an obstacle situated at 2 = 0. The intensity of the 

reflected wave is 0.64 times that of the incident wave. 

(a) What are the wavelength and frequency of incident 
wave? 

(b) Write the equation for the reflected wave. 

(c) In the resultant wave formed after reflection, find 
the maximum and minimum values of the particle 
speeds in the medium. 

(d) Express the resultant vave as a superposition of a 
standing wave and a travelling wave. What are the 
positions of the antinodes of the standing wave? 
What is the direction of propagation of travelling 
wave? 
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913. A block A of mass 2m is placed on another block 
B of mass 4m which in tum is placed on a fixed table. 
‘The two blocks have same length 4d and they are placed 
as shown in the figure, The coefficient of friction (both 
static and kinetic) between the block and table is y. 
‘There is no friction between the two blocks. A small 
object of mass m moving horizontally along a line pass- 
ing through the centre of mass (CM) of the block В and 
perpendicular to its face with a speed v collides elasti- 
cally with the block B at a height d above the table. 


м 


(a) What is the minimum value of v (call it vo) required 
to make the block A to topple? 

(b) 120 = 200, find the distance (from the point Р in 
the figure) at which the mass m falls on the table 
after collision. [Ignore the role of friction during the 
collision] 
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Q14. Two non-viscous, incompressible and immiscible 
liquids of densities р and 1.5 are poured into the two 
limbs of a circular tube of radius R and small cross- 
section kept fixed in а vertical plane as shown in the 
figure. Each liquid occupies one-fourth the circumfer- 
ence of the tube. 


(a) Find the angle @ that the radius to the interface 
makes with the vertical in equilibrium position, 

(b) Ifthe whole liquid column is given a small displace- 
ment from its equilibrium position, show that the 
resulting oscillations are simple harmonic. Find the 
time period of these oscillations. 
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915. A circuit containing a two position switch S is 
shown in the figure, 


> 
= 

P 

t) 


a ay 
anim. 


ps3 


(a) The switch 5 is in position 1. Find the potential 
difference Va — Vg and the rate of production of 
joule heat in Ry. 

(b) If now the switch 5 is put in position 2 at t 
Find, 

(i) steady current is Ra. 

(ii) the time when current in Ry is half the steady 
value. Also calculate the energy stored in the 
inductor L at that time. 


о. 
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916. A wire loop carrying a current J is placed in the 
ay plane as shown in the figure. 


(a) If a particle with charge +q and mass m is placed 
at the centre Р and given a velocity i along NP (see 
figure), find its instantaneous acceleration. 

(b) Ifan external uniform magnetic induction field Ë = 
Bi is applied, find the force and the torque acting 
on the loop due to this field. 
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Q17. Two fixed charges —2Q and Q are located at the 
points with coordinates (—3a,0) and (+3a,0) respec- 
tively in the з-у plane, 

(a) Show that all points in the з-у plane where the 
electric potential due to the two charges is zero, lie 
on а cirele, Find its radius and the location of its 
centre. 

(b) Give the expression V(r) at a general point on the 

axis and sketch the function V(x) on the whole 

axis. 

(c) IF a particle of charge +q starts from rest at the 
centre of the circle, show by a short quantitative 
argument. that the particle eventually crosses the 
circle. Find its speed when it does so. 
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Q18. Two parallel beams of light P and Q (sepa- 
ration 4) containing radiations of wavelengths 4000 A 
and 5000 А (which are mutually coherent in each wave- 
length separately) are incident normally on a prism as 
shown in the figure. The refractive index of the prism 
as a function of wavelength is given by the relation, 
P(A) = 1.20 + 35, where А is in A and b is a positive 
constant. The value of b is such that the condition for 
total internal reflection at the face AC is just satisfied 
for one wavelength and is rot satisfied for the other. 


(a) Find the value of b. 

(b) Find the deviation of the beams transmitted 
through the face АС. 

(c) A convergent lens is used to bring these transmit 
ted beams into focus. If the intensities of the upper 
and the lower beams immediately after transmis- 
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sion from the face AC, are 47 and I respectively, 
find the resultant intensity at the focus, 
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919. Three moles of an ideal gas (Ср = ZR) at pres- 
sure pa and temperature Та is isothermally expanded 
to twice its initial volume. It is then compressed at 
constant pressure to its original volume. Finally, gas is 
compressed at constant volume to its original pressure 
D 
(a) Sketch j-V and p-T diagrams for the complete pro 
(b) Calculate the net work done by the gas, and net 
heat supplied to the gas during the complete pro- 
cess, 
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920. А nucleus X, initially at rest, undergoes alpha- 

decay according to the equation: АХ — 23Ү +a. 

(a) Find the values of A and Z in the above process. 

(b) The alpha particle procuced in the above process is 
found to move in a circular track of radius 0.11 m in. 
a uniform magnetic field of 3 T. Find the energy (in 
MeV) released during the process and the binding 
energy of the parent nucleus X. 

[Given m (Y) = 228.03 u, m (bu) 

4.008 u, m ($H) = 1.008 1] 


1.009 u, m (Не) 
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Q21. A monochromatic point source S radiating wave- 
length 6000 À with power 2 W, an aperture A of diam- 
eter 0.1 m and a large screen SC are placed as shown in 
the figure. A photoemissive detector D of surface area 
0.5 cm? is placed at the centre of the screen. The efi- 
ciency of the detector for the photoelectron generation 
per incident photon 


(a) Calculate the photon flux at the centre of the screen 
and photocurrent in the detector. 

(b) Ifthe concave lens L of focal length 0.6 m is inserted 
in the aperture as shown, find the new values of 
photon flux and photocurrent, Assume a uniform 
average transmission of 80% from the lens. 

(c) If the work function of the photoemissive surface 
is 1 eV, calculate the values of the stopping poten- 
tial in the two cases (without and with the lens in 
aperture). 
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8. 30 em to the right of P. 
Virtual Image. 

9.15 

10. бат 

11. Band D, A and C. 

12. (a) 2n/a, b/Qm) 
(b) —0.8A соаг — bt) 
(c) ВАБ, zero (d) 

.SAsmarsnbt + 


ative a direction. 


13. (a) $ jd (b) 6d 


14. (a) tan (3) 


(b) 27/2588 


1483 


15. (а) -5V, 345W 
() ü — 06A 
Gi) L386x 10-35, 
45x104 

16. (a) ел (5... уз) 
(b) zero, 0.1? B j 

17. (a) 4a, — (50,0) 


18. (5 


m 


(9 y aroma 

18. (a) b = 8x10" А? 
(b) д 3T = 
27.13° (c) 9I. 

19. (a) See solution 
(b) 0.58RT4, 0.58RT 4 

20. (a) 232, 90 
(b) 5,3 MeV, 
1823.2 MeV 

21. (а) 2.87 x 1012 8-72 
2,07 x 10719 A 
(b) 2.06 x 1013 s- 
1483 x 10710 A 
(c) 106 V in both 
cases. 
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One Option Correct. 


Each question in this section has four options (A). 
(B), (C) and (D). Only one of these four options is cor- 
rect, 
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91. During paddling of a bicycle, the force of friction 

exerted by the ground on the two wheels is such that it 

acts, 

(A) in the backward direction on the front wheel and 
in the forward direction on the rear wheel 

(B) in the forward direction on the front wheel and in 
the backward direction on the rear wheel. 

(C) in the backward direction on both the front ав 
the rear wheels. 

(D) in the forward direction on both the front and the. 
rear wheels. 
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Q2. A uniform cylinder of length L and mass M hav- 
ing cross-sectional area A is suspended, with its length 
vertical, from a fixed point by a massless spring, such 
that it is halE-submerged in a liquid of density p at equi- 
librium position. When the cylinder is given a small 
downward push and released, it starts oscillating verti- 
cally with в small amplitude. If the force constant of 


the spring in, the бозону of onillaton of e сунь 
det 

au mu " 
(=) в 2 (#4) 


о & (ee) m g (se) 
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Q3. When an ideal diatomic gas is heated at constant 


pressure, the fraction of the heat energy supplied which 
increases the internal energy of the gas is 
(A) 2/5 (B) 3/5 (C) 3/7 (D) 5/7 
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94. Seven capacitors each of capacitance 2 uF are con- 
nected in a configuration to obtain an effective capac- 
itance 19 uF. Which of the following combination will 
dde ihe dered remit 


15 97 


TS eee 
e 
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95. A thin prism P; with angle 4° and made from 
glass of refractive index 1.54 is combined with another 
thin prism Pz made from glass of refractive index 1.72 
to produce dispersion without deviation. The angle of 
the prism Py is 

(A) 5.33° (В) 4° (C) 3° (D) 2.6° 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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96. A particle of mass m is projected with a veloc- 
ity v making an angle of 45° with the horizontal. The 
magnitude of the angular momentum of the projectile 
about the point of projection when the particle is at its 
maximum height h is 

(A) zero (В) 235. (C) 3È (D) my/2gli 
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QT. A wave is represented by the equation: у = 

Asin (10z + Irt + 5/3), where x is in metre and t 

is in second. The expression represents 

(А) a wave travelling in positive « direction with a ve- 
locity 1.5 m/s. 

(В) a wave travelling in negative x direction with a ve- 
locity 1.5 m/s. 

(С) а wave travelling 
wavelength 0.2 m. 

(D) a wave travelling in positive z direction with a 
wavelength 0.2 m. 


n negative г direction with a 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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Q8. The amplitude of a wave disturbance travelling in 
the positive « direction is given by y = qr at time 
t = 0 and by y = zog at t = 2s, where z and y 
are in metres. The shape of the wave disturbance does 
not change during the propagation. The velocity of the 
wave is ..... m/s. 
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Q9. A vire ABCDEF (with each side of length L) bent. 
as shown in the figure and carrying a current / is placed 
in a uniform magnetic induction B parallel to the pos- 
itive y direction. The forve experienced by the wire 
is in the direction. 
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910. The wavelength of the characteristic X-ray Ka 
line emitted by a hydrogen like element is 0.32 А. The 
wavelength of the K line emitted by the same element 
will be . 
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qu. biasing of p-a junction offers high resis- 
tance to current flow across the junction, The biasing 
is obtained by connecting the pside to the ...... ter- 
minal of the battery. 
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Matrix or Matching Type 


‘This section contains matrix-matching type ques- 
tions. 
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912. Column I gives three physical quantities. Select 
the appropriate units for the choices given in Column 
II. Some of the physical quantities may have more than 
one choice. 


Column Т ‘Column П 
(A) Capacitance (p) olim-second 
(B) Inductance (a) coulomb? (joule)? 
(C) Magnetic Induc- (1) coulomb (volt) 
tion 
(5) newton (ampere 
metre)? 


(t)_volt-second (ampere)? 
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Descriptive 


‘There are descriptive questions in this section. 
Solve all of them, 
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913. А narrow monochromatic beam of light of inten- 
sity Г is incident on a glass plate as shown in the figure. 
Another identical glass plate is kept close to the first 
one and parallel to it. Each glass plate reflects 25 per 
cent of the light incident on it and transmits the те- 
maining. Find the ratio of the minimum and maximum 
intensities in the interference pattern formed by the two 
beams obtained after one reflection at each plate. 


m 


Dp 


rid 
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914. A source of sound is moving along a circular path 
of radius 3 m with an angular velocity of 10 rad/s, A 
sound detector located far away from the source is ex- 
ecuting linear SHM along the line BD (see figure) with 
an amplitude BC = CD = бш. The frequency of os- 
cillation of the detector is 1/5: Hz. ‘The source is at the 
point А when the detector is at the point B. If the source 
‘emits a continuous sound wave of frequency 340 Hz, find 
‘the maximum and the minimum frequencies recorded by 
the detector. [Speed of sound = 340 m, 
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915. An ideal gas having initial pressure p, volume V 

and temperature T is allowed to expand adiabatically 

until its volume becomes 5.66 V while its temperature 

falls to T/2. 

(a) How many degrees of freedom do gas molecules 
have? 

(b) Obtain the work done by the gas during the ex- 
pansion as a function of the initia 
volume V. 


pressure p and 
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916. Three concentric spherical metallic shells 4, В 

and C of radii a, b and ¢ (a < b < е) have surface 

charge densities ø, —0 and о, respectively. 

(a) Find the potential of the three shells A, В and C. 

(b) If the shells A and C are at the same potential, 
obtain the relation between the radii а, b and c. 
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917. Two long parallel wires carrying currents 2.5 A 
and Г (ampere) in the same direction (directed into the 
plane of paper) are held at P and Q respectively such 
that they are perpendicular to the plane of paper. The 
points P and Q are located at a distance of 5 m and 
2 m respectively from a collinear point R (sce figure) 


R 


(a) An electron moving with a velocity of 4 x 10° m/s 
along the positive z direction experiences a force of 
magnitude 3.2 x 10720 № at the point R. Find the 
value of 7. 

(b) Find all the positions at which a third long parallel 
wire carrying a current of magnitude 2.5 А may be 
placed, so that the magnetic induction at R is zero. 
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918. It is proposed to use the nuclear fusion reaction: 
1H 1H — 31, in a nuclear reactor with an electrical 
power rating of 200 MW. If the energy from the above 
reaction is used with a 25 percent efficiency in the reac- 
tor, how many grams of deuterium fuel will be needed 
per day? [The masses of 3H and {Не are 2.0141 u and 
4.0026 u, respectively.) 
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919. An artificial satellite is moving in a circular orbit 

around the earth with a speed equal to half the magni- 

tude of escape velocity from the earth. 

(a) Determine the height of the satellite above the 
earth's surface. 

(b) If the satellite is stopped suddenly in its orbit and 
allowed to fall freely orto the earth, find the speed 
with which it hits the surface of the earth. 
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920. Electrons in hydrogenlike atom (Z = 3) make 
‘transitions from the fifth to the fourth orbit and from 
the fourth to the third orbit, The resulting radiations 
are incident normally on а metal plate and eject photo- 
electrons. ‘The stopping potential for the photoelectrons 
ejected by the shorter wavelength is 3.95 V. Calculate 
‘the work function of the metal, and the stopping poten- 
tial for the photoelectrons ejected by the longer wave- 
1.094 x 107 m] 
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921. A carpet of mass A made of inextesible mate- 
rial is rolled along its length in the form of a cylinder 
of radius R and is kept on а rough floor. The carpet 
starts unrolling without sliding on the floor when negli- 
gibly small push is given to it. Calculate the horizontal 
velocity of the axis of the cylindrical part of the carpet 
when its radius reduces to R/2. 
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922. An object of mass 5 kg is projected with a veloc- 
ity of 20 m/s at an angle of 60° to the horizontal. At 
the highest point of its path the projectile explodes and 
breaks up into two fragments of masses 1 kg and 4 kg. 
‘The fragments separate horizontally after the explosion. 
‘The explosion releases intemal energy such that the ki- 
netic energy of the system at the highest. point is dou- 
bled. Calculate the separction between the two frag- 
ments when they reach the ground. 
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X 14. 438.7 Hz, 
zB 15. (a) 5 (b) 
зр 16. (в) Ул 
4. А = 
5c Ы 
6. B,D Vo = 
т. B,C Ojat 
n 17. (a) 4A (b) z— 41m 
9. ILB, +ve z wart. Re 
10. 0.27 A 18. 120 g 
11. reverse, negative 19, (a) 6400 km (b) 7.9 km, 
12. Aq), Вера), 20. 2eV, 0.754 eV 
Cos 21. y14Rg/3 


13. 1/49 22. 44.25 m 
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One Option Correct 


Bach question in this section has four options (A), 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. The decay constant cf a radioactive sample is А. 
‘The halflife and mean-life of the sample are respec- 
tively given by 

(A) 1/2 and (In2)/A (В) (In2)/A and 1/A 

(C) Хэ) and 1/A — (D) A/(In2) and 1/4 
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Q2. Imagine a light planet revolving around а very 

massive star in a circular orbit of radius R with a pe- 
iod of revolution T. If the gravitational force of attrac- 

tion between the planet and the star is proportional to 

875/2, then, 

(A) Tg (В) Том 

(С) тех RY (D) T? œ RE 
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Q3. Two rods of different materials having coefficients 
of thermal expansion ол, az and Young's modulii Yi, Yz 
respectively are fixed between two rigid massive walls 
The rods are heated such that they undergo the same 
increase in temperature. There is no bending of the 
rods. If ay : az = 2 :3, the thermal stresses developed 
in the two rods are equal provided Y, : Уз is equal to 
(A) 2:3 (B) 1:1 (C) 3:2 (D) 4:9 
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94. A conducting square loop of side L and resistance 
R moves in its plane with c uniform velocity v perpen- 
dicular to one of its sides. A magnetic induction B, 
constant in time and space, pointing perpendicular to 
and into the plane of the loop exists everywhere. The 
current induced in the loop is 


(А) BLv[ R clockwise 
(B) BLv/ R anticlockwise 
(C) 2BLv/R anticlockwise 
(D) 
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95. A solid conducting sphere having a charge Q i 
surrounded by an uncharged concentric conducting hol- 
low spherical shell, Let the potential difference between 
the surface of the solid sphere and that of the outer 
surface of the hollow shell be V. If the shell is given 
а charge of —3Q, the new potential difference between 
the same two surfaces is 

(A) V (B) 2V (С) 4V (D) -2V 
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Q6. Two identical p-n jurctions may be connected in 
series with a battery in three ways. The potential drops 
across the two p-n junction are equal in 


bass 


(B) circuit 
(C) cireuit-3 and circu 
(D) circuit- only 
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QT. A beam of light consisting of red, green and blue 
colours is incident on a right-angled prism. The refrac- 
tive indices of the material of the prism for the above 
тей, green, and blue wavelengths are 1.39, 1-44 and 1.47, 
respectively. The prism will 


Р 


(A) separate the red colour from the green and blue. 
colours. 

(B) separate the blue colcur from the red and green 
colours. 

(С) separate all the three colours from one another. 

(D) not separate even partially any colour from the 
other two colours 
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One or More Option(s) Correct. 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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Q8. Capacitor Су of capacitance 1 uF and capacitor 

Сз of capacitance 2 НР are separately charged fully by 

а common battery. The two capacitors are then sep- 

arately allowed to discharge through equal resistors at 

time t = 0. 

(A) The current in each of the two discharging circuits 

zero at t — 0. 

(B) The currents in the two 
0 are equal but not zero. 

(С) The currents in the two discharging circuits at t = 
0 are unequal. 

(D) Capacitor C loses 50% of its initial charge sooner 
than Cy loses 50% of is initial charge. 


‘hanging circuits at £ = 


IIT JEE 1989 Paper 1526 


Q9. A linear harmonic oscillator of force constant 
2х 10° N/m and amplitude 0.01 m has a total mechan- 
ical energy of 160 J. Its 

(A) maximum potential energy is 100 J. 

(В) maximum kinetic energy is 100 J. 

(C) maximum potential energy is 160 J. 

(D) maximum potential energy is zero. 
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910. Velocity of sound in air is 320 m/s. A pipe closed 
at one end has a length of 1 m. Neglecting end correc- 
tions, the air column in the pipe can resonate for sound 


of frequency 
(A) 80 Hz (B) 240 Hz (C) 320 Hz (D) 400 Hz 
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Q11. An astronomical telescope has an angular mag- 
nification of magnitude 5 fer distant objects. The sepa- 
ration between the objective and the eyepiece is 36 em 
and the final image is formed at infinity. The focal 


length fo of the objective aad the focal length f, of the 
eyepiece are 
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912. For an ideal gas, 

(A) the change in internal energy in a constant pres- 
sure process from temperature Tj to T is equal to 
пСу(Т, Т), where Су is the molar heat capacity 
at constant volume and n the number of moles of 
the gas. 

(B) the change in internal energy of the gas and the 
work done by the gas are equal in magnitude in an 
adiabatic process, 

(С) the internal energy does not change in an isother- 
mal process, 

(D) no heat is added or removed in an adiabatic pro- 
cess, 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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913. A point source emits sound equally in all direc- 
tions in a non-absorbing medium. Two points P and 
Q are at a distance 9 m and 25 m respectively from the 
source. The ratio of amplitudes of the waves at P and 


Q 
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914. A uniformly wound solenoid coil of self- 
inductance 1.8 x 107+ Н and resistance 6 9 is broken 
up into two identical coils. These identical coils are 
‘then connected in parallel zcross a 15 V battery of neg- 
ligible resistance. The time constant for the current 
in the circuit is ...... s and the steady state current 
through the battery is ...... А. 
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915. A point charge q moves from point Р to point 5 
along the path PQRS (see figure) in a uniform electric 
field E pointing parallel to the positive direction of the 
a-axis. The coordinates of points P, Q, R and S аге 
(a.b. 0), (2a,0,0), (a, ~6,0), (0.0.0) respectively. The 
work done by the feld in the above process is given by 
the expression 
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916. 300 g of water at 25 "C is added to 100 g of ice at 
0°C. The final temperature of the mi н 
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Q17. The earth receives at its surface radiation from 
the sun at the rate of 1400 W/m?. The distance of the 
centre of the sun from the earth is 1.5 x 10! m and 
the radius of the sun is 7 x 10° m. Treating the sun as 
а black body, it follows бош the above data that its 
surface temperature is ......K. 
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‘True False Type 


‘This section contains true false type questions. 


IIT JEE 1989 Paper 1537 


918. Two particles of mass 1 kg and 3kg move to 
wards each other under their mutual force of attraction. 
No other force acts on them. When the relative velocity 
of approach of the two particles is 2 m/s, their centre 
of mass has a velocity of 0.5 m/s. When the relative 
velocity of approach becomes 3 m/s, the velocity of the 
centre of mass is 0.75 m/s 
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919. А ring of mass 0:3 kg and radius 0.1 m and a 
solid cylinder of mass 0.4 kg and of the same radius are 
given the same kinetie energy and released simultane- 
ously on a flat horizontal surface such that they begin 
to roll as soon as released towards a wall which is at 
the same distance from the ring and the cylinder. The 
rolling friction in both cases is negligible. The cylinder. 
will reach the wall first. 
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920. The order of magnitade of the density of nuclear 
matter is 10* kg/m*, 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them, 
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Q21. A pair ofstationary and infinitely long bent wires 
are placed in the з-у plane as shown in the figure. The 
wires carry current of = 10 А each as shown, The 
segment L and M are along the x-axis. The segment 
P and Q are parallel to the y-axis such that OS = 
OR = 0.02 m. Find the magnitude and direction of the 
magnetic induction at the origin O. 
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922. A gas of identical hydrogen-like atoms has some 
atoms in the lowest (ground) energy level A and some 
atoms in a particular upper (excited) energy level B 
and there are no atoms in any other energy level. The 
atoms of the gas make the transition to a higher energy 
level by absorbing monochromatic light of photon en- 
ergy 2.7 eV. Subsequently, the atoms emit radiation of 
only six different energy photons. Some of the emitted 
photons have an energy of 2.7 eV, some have more en- 
ergy and some less than 2.7 eV. 
(a) Find the prineipal quantum number of the ini 
excited level В. 
(b) Find the ionization energy of the gas atoms, 
(c) Find the maximum and the minimum energies of 
the emitted photons 


Пу 
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923. A beam of light has three wavelengths 
4144 А, 4972 А and 6216 А with a total energy of 
3.6 x 107 W/m? equally distributed amongst the three 
wavelengths. The beam falls normally on an area 1 em? 
of a clean metallic surface of work function 2:3 eV. As- 
sume that there is no loss of light by reflection and 
that each energetically capable photon ejects one elec- 
tron, Calculate the number of photoelectrons liberated 
two seconds. 
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924. A point particle of mass M attached to one end 
of a massless rigid non-conducting rod of length L. An- 
other point particle of the same mass is attached to the 
other end of the rod, The two particles carry charges 
+q and —q respectively. This arrangement is held in a 
region of a uniform electric field E such that the rod 
makes a small angle @ (say about 5°) with the field di- 
rection as shown in the figure. Find the expression for 
‘the minimum time needed for the rod to become paral- 
lel to the field after it is set free. 
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925. An ideal monatomic gas is confined in a 
by aspring loaded piston of cross-section 8.0 x 1073 m?, 
Initially, the gas is at 300K and occupies a volume 
of 2.4 x 1077 m? and the spring is in its relaxed (un- 
stretched, uncompressed) state. The gas is heated by a 
small electric heater until the piston moves out slowly 
by 0.1m, Calculate the final temperature of the 
and the heat supplied (in Joules) by the heater. [The 
force constant of the spring is 8000 N/m, and the at- 
mospheric pressure 1.0 x 10 Nm-2. ‘The cylinder and 
the piston are thermally insulated. The piston is mass- 
less and there is no friction between the piston and the 
cylinder. Neglect heat loss through the lead wires of the 
heater. The heat capacity of the heater coil is negligi- 
ble. Assume the spring to be massless.] 


pepe 


rigid 
Support 


Honter 
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Q26. A thin uniform bar lies on a frictionless horizon- 
tal surface and is free to move in any way on the surface. 
Its mass is 0.16 kg and length is УЗ ш. Two particles, 
each of mass 0.08 kg are moving on the same surface 
towards the bar one with a velocity of 10 m/s and the 
other with 6 m/s, as shown in the figure. The first par- 
le strikes the bar at point. A and the other at point 
B. Points A and В are at « distance of 0.5 m from the 
centre of the bar. The particles strike the bar at the 
same instant of time and stick to the bar on collision. 
Calculate the loss of kinetic energy of the system in the 
above collision process. 


ms 
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Q27. In a modified Young's double slit experiment, a 
‘monochromatic uniform ard parallel beam of light of 
wavelength 6000 A and intensity 10/7 W/m? is incident. 
normally on two apertures A and В of radii 0.001 m and 
0.002 m respectively. А perfectly transparent film of 
thickness 2000 A and refractive index 1.5 for the wave- 
length of 6000 A is placed in front of aperture A (see 
figure). Calculate the power (in W) received at the fo- 
cal spot F of the lens. The lens is symmetrically placed 
with respect to the apertures. Assume that 10% of the 
power received by each aperture goes in the original di- 
rection and is brought to the focal spot. 


i 


hyd 


IIT JEE 1989 Paper 1548 


928. Two blocks of mass 2.9 kg and 1.9 kg are sus- 
pended from a rigid support S by two inextensible wires. 
each of length 1 m (see figure). The upper wire has neg- 
ligible mass and the lower wire has a uniform mass of 
02 kg/m. ‘The whole system of blocks, wire and sup- 
port have an upward acceeration of 0.2 m/s^. [Take 
9.8 m/s2] 

(a) Find the tension at the midpoint of the lower wire. 
(b) Find the tension at the midpoint of the upper wire. 
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Answers 


11. A, D 
12. A, B, C, D 
13. 25/9 

14. 3x 1075, 10 
15. —qEa 28. (a) 20N (b) 50 N 
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One Option Correct. 


Each question in this section has four options (A). 
(B), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. A freshly prepared radioactive source of half-life 
2h emits radiation of intensity which is 64 times the 
permissible safe level. The minimum time after which 
it would be possible to work safely with this source is 
(A) ва (B) 12h (C) 24k (D) 128 h 
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92. A boat, which has a speed of 5 km/h in still water, 
crosses a river of width 1 km along the shortest. possi- 
ble path in 15 min. The velocity of the river water (in 
km/h) is 

(A) 1 (B) з (C) 4 (D) ут 
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93. Two bodies М and N of equal masses are sus- 
pended from two separate massless springs of spring 
constants ky and kz respectively. If the two bodies os- 
cillate vertically such that their maximum velocities are 
equal, the ratio of the amplitude of vibration of M to 
that of N is 

(A) kı/ka (B) ү (C) ka/kı (D) Увы 
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94. A vessel contains oil (density = 0.8 g/cm?) over 
mercury (density = I3.6g/cm?) А homogeneous 
sphere floats with half its volume immersed in mercury 
and the other half in oil, Tue density of the material of 
the sphere (in g/cm) is 

(A) 33 (В) 64 (©) 72 (0) 128 
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Q5. Two particles Х and У having equal charges, after 
being accelerated through the same potential difference, 
enter a region of uniform magnetic field and describe 
circular paths of radii №; and Аз respectively. The ratio 
of the mass of X to that of Y is 

(A) Un Ra) (B) Ra/ Ry 

(C) (R/Ra)? — (D) аль 
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Q6. It one mole of a monatomic gas (y = 5/3) is mixed. 
with one mole of a diatomic gas (y = 7/5), the value of 
^ for the mixture i 

(A) 140 (B) L50 (C) 1.53 (D) 3.07 
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97. A cylinder of radius А made of a material of ther- 
mal conductivity K1 is surrounded by a cylindrical shell 
of inner radius R and outer radius 2R made of mate- 
rial of thermal conductivity Ka. The two ends of the 
combined system are maintained at two different tem- 
peratures. There is no loss of heat across the cylindrical 
surface and the system is in steady state. The effective 
thermal conductivity of the system is 

(A) Ki + Ко (В) кака (C) А528 (p) atka 


XS 
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98. А piece of copper and another of germanium are 


cooled from room temperature to 80 К. The resistance 
of 


(A) each of them increases 
(В) each of them decreases. 
(C) copper increases and germanium decreases. 
(D) copper decreases and germanium increases. 
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Q9. An organ pipe P, closed at one end and vibrat- 
ing in its first harmonic, and another pipe P», open at. 
both ends and vibrating in its third harmonic, are in 
resonance with a given tuning fork. The ratio of the 
length of P; to that of Ps is 

(A) 8/3 (B) 3/8 (C) 1/6 (D) 1/3. 


IIT JEE 1988 Paper 1562 


910. Two coherent monochromatic light beams of in- 
tensities Г and 47 are superposed. The maximum and 
minimum possible intensities in the resulting beam are 


(A) SFand Г (B) 57 and 37 
(C) ЭГаваГ (D) 97 and 37 
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Q1. A short linear object of length b lies along the 
axis of a concave mirror of focal length f at a distance 
и from the pole of the mirror. The size of the imam 
approximately equal to, 


и)" в 
(Si вы) 
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912. А wave represented by the equation y = 
acos(ke — wt) is superimposed with another wave to 
form a stationary wave such that point zr = 0 is a node, 
‘The equation for the other wave is 

(А) asin(kr+wt) (B) —acos(kr — wt) 

(C) -acos(ke +wt) (D) —asin(ex — wt) 
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One or More Option(s) Correct 


Each question in this section has four options (A). 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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913. The potential difference applied to an X-ray tube. 
is increased. As a result, in the emitted radiation, 

(A) the intensity increases, 

(B) the minimum wavelength increases. 

(C) the intensity remains unchanged. 

(D) the minimum wavelength decreases. 
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914. The impurity atoms with which pure silicon 
should be doped to make a p-type semiconductor are 
those of 

(A) phosphorus (В) boron 


(С) antimony (D) aluminium 


IIT JEE 1988 Paper 1568 


Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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915. Two parallel plate capacitors of capacitance C 
and 2C are connected in parallel and charged to а po- 
tential difference V. The battery is then disconnected 
and the region between the plates of capacitor C is com- 
pletely filled with a material of dielectric constant K. 
‘The potential difference across the capacitors now be- 
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916. A cylinder of mass M and radius R is resting 
on а horizontal platform (which is parallel to the -y 
plane) with its axis fixed «long the y-axis and free to 
rotate about its axis. The platform is given a motion 
in the x direction given by x = Acoswt. There is no 
slipping between the cylinder and platform. The maxi 
mum torque acting on the cylinder during its motion 
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Q17. А smooth uniform rod of length L and mass M 
has two identical beads of negligible size, each of mass 
m, which can slide freely along the rod. Initially the 
two beads are at the centre of the rod and the system 
is rotating with an angular velocity wg about an axis 
perpendicular to the rod and passing through the mid- 
point of the rod (see figure). There are no external 
forces. When the beads reach the ends of the rod, the 
angular velocity of the system is 
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918. In a hydrogen atom, the electron moves in an 
orbit of radius 0.5 А making 1019 revolutions per sec- 
ond, The magnetic moment associated with the orbital 
motion of the electron is 
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919. The wire loop PQRSP formed by joining two 
semicircular wires of radii ry and rp carries current i 
as shown in the figure. The magnitude of the magnetic 
induction at the centre C is 
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920. In the forward bias arrangement of p-n junction. 
rectifier, the p end is connected to the terminal 
of the battery and the direction of the current is from 
10...... in the rectifier. 


IIT JEE 1988 Paper 1575 


921. А solid sphere of radius R made of a material of 
bulk modulus is surrounded by a liquid in а cylin- 
drical container. A massless piston of area A floats on 
the surface of the liquid. When a mass M is placed on 
the piston to compress the liquid the fractional change 
in the radius of the sphere, AR/R, is . 
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922. The binding energies per nucleon for deuteron 
(1H?) and helium (aHe*) are 1.1 MeV and 7.0 MeV re- 
spectively. The energies released when two deuterons 
fuse to form helium nucleus (2He) is ......... 
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Q23. The masses and radii of the Earth and the Moon 
are Mj, Ry and Mg, Ro respectively, Their centres are 
at a distance d apart. The minimum speed with which 
а particle of mass m should be projected from a point. 
midway between the two centres so as to escape to in- 
finity is 
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‘True False Type 


‘This section contains true false type questions. 
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924. A parallel beam of white light falls on а combi- 
nation of a concave and a convex lens, both of the same 
material. Their focal lengths are 15 сш and 30 em re- 
spectively for the mean wavelength in white light. On 
the same side of the lens system, one sees coloured pat- 
terns with violet colour at the outer edge. 
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925. An electric line of force in the x-y plane is given 
by the equation 22 + y^ = 1. A particle with unit 
positive charge, initially at rest at the point 2 = 1, 
y =0 in the з-у plane, will move along the circular line 
of force. 
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928. A ring of radius R carries a uniformly distributed 
charge +Q. А point charge — is placed on the axis of 
the ring at a distance 2R from the centre of the ring 
and released from rest. The particle executes a SHM 
along the axis of the ring. 
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Q7. Two spheres of the same material have radii 1 m 
and 4 m, temperature 4000 К and 2000 K respectively. 
‘The energy radiated per second by the first sphere 
greater than that by the second. 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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928. Two long parallel horizontal rails, a distance d 
apart and each having a resistance А per unit length, 
are joined at one end by а resistance R. A perfectly 
conducting rod MN of mass m is free to slide along the 
rails without friction (see igure). There is a uniform 
magnetic field of inductior В normal to the plane of 
‘the paper and directed into the paper. A variable force 
F is applied to the rod MN such that, as the rod moves, 
в constant current í flows through R. Find (a) the ve- 
locity of the rod and the applied force F as functions 
of the distance z of the rod from R, and (b) fraction of 
the work done per second by F converted to heat. 


IIT JEE 1988 Paper 1585 


929. A parallel beam of light travelling in water (re 

fractive index = 4/3) is refracted by a spherical air bub- 

ble of radius 2 mm situated in water. Assuming the 

light rays to be paraxial, 

(a) Find the position of the image due to refraction at 
the first surface and the position of the final image. 

(b) Draw а ray diagram showing the positions of both 
the images. 
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930. A bullet of mass m is fired with a velocity 50 m/s 

at an angle Ø with the horizontal. At the highest point 

of its trajectory, it collides head-on with a bob of mass 

3m suspended by a massless string of length 10/3 m 

and gets embedded in the bob. After the collision the 

string moves through an angle of 120". Find, [Take 

9= 10/52] 

(a) the angle 6. 

(b) the vertical and horizontal coordinates of the initial 
position of the bob with respect to the point of firing. 
of the bullet. 
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Q31. Three particles, each of mass m, are situated at 
the vertices of an equilateral triangle of side length a. 
‘The only force acting on the particles are their mu- 
tual gravitational forces, It is desired that each particle 
moves in a circle while maintaining the original mutual 
separation a. Find the initial velocity that should be 
given to each particle and also the time period of the 
circular motion. 
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932. А particle of charge equal to that of an electron, 
—e, and mass 208 times of the mass of the electron 
(called а mu-meson) moves in a circular orbit around a 
nucleus of charge +3e. Assuming that the Bohr model 
of the atom is applicable to this system, [Take the mass 
of the nucleus to be infinite and Rydberg's constant 

1.097 x 107 m-! | 

(a) derive the expression for the radius of the n^ Bohr 
orbit. 

(b) find the value of n for which the radius of the orbit 
is approximately the same as that of the first Bohr. 
orbit for the hydrogen atom. 

(c) find the wavelength of the radiation emitted when 
the mu-meson jumps from the third orbit to the 
first orbit. 
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Q33. Three particles, each of mass 1 g and carrying a 
charge q, are suspended from а common point by insu- 
lated massless strings, each 100 cm long. If the particles 
are in equilibrium and are located at the corners of an 
equilateral triangle of side length 3 cm, calculate the 
charge q on each particle. [Take g = 10 m/s? ] 
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934. Two moles of helium gas (y = 5/3) are initially 
at temperature 27 °С and occupy a volume of 20 litre, 
‘The gas is first expanded at constant pressure until 
the volume is doubled. Then it undergoes an adiabatic 
change until the temperature returns to its initial value. 


(a) Sketch the process on в p-V diagram. 
(b) What are the final volume and pressure of the gas? 
(c) What is the work done by the gas? 
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935. A train approaching a hill at a speed of 40 km/h. 

sounds a whistle of frequency 580 Hz when it is at a 

distance of 1 km from the hill, A wind with a speed 

of 40 km/h is blowing in the direction of motion of the 

train. Find, [Velocity of sound = 1200 km/h.] 

(a) the frequency of the whistle as heard by an observer 
on the hill. 

(b) the distance from the hill at which the echo from 
the hill is heard by the driver and its frequency. 
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936. In the given circuit: Ej = 3E = 2E3 — 6V and 


Ry =2Ry = 6M, Ry = 20) = 40, C =54F. Find the 
current in Ry and the energy stored in the capacitor. 
m n 
с 
[OR OR 
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24. T 

25. F 

26. F 

27. F 

28. (a) v = (232. р 
ip (R+ 20) 
(b) emp рц 

29. (a) —6 mm, —5 mm 

30. (a) 30° (b) (108.25 m, 3 

aio = Jo, T 


3Óm 

32. (a) ra = 0, 
(b) n = 25 (c) 0.548 А 

33. 317 x 107? C 

34. (à) Se — solu- 
tion (b) 113 litre, 
0.44 x 10° N/m?, 

20. positive, p-side, n-side (c) 124631 

21. Mg/(3AK) 35. (а) 599.33 Hz 

22. 23.6 MeV. (b) 29/31 km, 620 Hz 

23. v 36. 1.5 A, 1.44 x 1075 J 


E 
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‘The paper contains questions of (1) single option correct 
type (2) one or more option(s) correct type (3) fll in 
the blank type (4) true false type (5) matrix matching. 
type and (6) descriptive type. 
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One Option Correct. 


Each question in this section has four options (A). 
(В), (C) and (D). Only one of these four options is cor- 
rect, 


IIT JEE 1987 Paper 1597 


91. During a nuclear fusion reaction, 

(A) a heavy nucleus breaks into two fragments by itself 

(В) а light nucleus bombarded by thermal neutrons 
breaks up. 

(C) a heavy nucleus bombarded by thermal neutrons 
breaks up. 

(D) two light nuclei combine to give а heavier nucleus 
and possibly other products. 
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Q2. During negative beta decay, 

(А) an atomic electron is ejected. 

(B) an electron which is already present within the nu- 
cleus is ejected. 

(C) а neutron in the nucleus decays emitting an elec- 
tron, 

(D) a part of the binding energy of the nucleus is 
verted into an electron. 


on- 
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Q3. A particle executes SHM with a frequency f. The 
frequency with which its kinetic energy oscillates is 
(A) 7/2 (B) f (C) 2f (0) 4f 
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94. A charge q is placed at the centre of the line 
joining two equal charges Q. The system of the three 
‘charges will be in equilibrium if q is equal to. 
(A) 0/2 (B) -Q/A (C) +Q/4 (D) 49/2 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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95. Photoelectric effect supports quantum nature of 

light because 

(A) there is а minimum frequency of light below which 
no photoelectrons are emitted, 

(В) the maximum kinetic energy of photoelectrons de- 
pends only on the frequency of light and not on 
intensity. 

(С) even when the metal surface is faintly illuminated, 
the photoelectrons leave the surface immediately. 

(D) electric charge of the photoelectrons is quantized. 
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Q6. A particle is acted upon by a force of constant 
magnitude which is always perpendicular to the velocity 
of the particle. The motion of the particle takes place 
in plane. Tt follows that 

(A) its velocity is constant. 

) its acceleration is constant. 

(C) its kinetic energy is constant. 
) 


it moves in a circular path. 
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Q7. A parallel plate capacitor is charged and the 

charging battery is then disconnected, If the plates of 

the capacitor are moved farther apart by means of in- 

sulating handles, 

(A) the charge on the capacitor increases. 

(В) the voltage across the plates increases. 

(С) the capacitance increases. 

(D) the electrostatic energy 
creases. 


ored in the capacitor in- 
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Q8. The displacement of particles in a string stretched 
in the z direction is represented by y. Among the fol- 
lowing expressions for y, those describing wave motion 
is (are) 

(А) coskzsinut (В) Mx? — wt? 

(C) cos(kz--ut) (D) cos (kèz? 7) 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 


IIT JEE 1987 Paper 1607 


Q9. А thin lens of refractive index 1.5 has а focal 
length of 15 сш in air. When the lens is placed in a 
medium of refractive index 4/3, its focal length will be- 
come ......em. 
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Q0. In a sonometer wire, the tension is maintained 
bby suspending а 50.7 kg mass from the free end of the 
wire, The suspended mass has a volume of 0.0075 m. 
‘The fundamental frequency of vibration of the wire 
260 Hz. If the suspended mass is completely submerged 
in water, the fundamental frequency will become 

He. 
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Q1. Spotlight 5 rotates in а horizontal plane with 
constant angular velocity of 0.1 rad/s. The spot of light. 
P moves along the wall at a distance of 3 m. The veloc- 
ity of the spot P when 0 = 45° (sce figure) is m/s. 
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Q12. An electric bulb rated for 500 W at 100 V is used. 
in a circuit having a 200 V supply. The resistance R 
that must be put in series with the bulb, so that the 
bulb delivers 500 W is ...... ©. 
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913. During an experiment, an ideal gas is found to 
obey an additional law p?V = constant. The gas is ini- 
tially at а temperature T end volume У. When it ex- 
pands to а volume 2V, the temperature becomes . 
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QA. A wire of length L metre carrying a current i 
ampere is bent in the form of circle. The magnitude of 
its magnetic moment is ...... in MKS units, 
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915. A wire of length L end cross-sectional area А 
made of a material of Young's modulus Y. If the wire 
stretched by an amount z, the work done is . 
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916. A geostationary satellite is orbiting the earth at 
а height of ОЛ above the surface of the earth where R 
is the radius of the earth. The time period of another 
satellite at a height of 2.57 from the surface of the earth 
PUES 
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Q17. A particle of mass ат which is at rest explodes 
into three fragments, Two cf the fragments each of mass 
т are found to move with a speed v each in mutually 
perpendicular directions, The total energy released in 
the process of explosion is 


IIT JEE 1987 Paper 1616 


Matrix or Matching Type 


‘This section contains matrix-matching type ques- 
tions. 
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Q18. Four physical quantities are listed in Column 1. 


‘Their values are listed in Column II in a random order. 
‘The correct matching of Column Г and Column II is 
given by, 

Column T Column П 


(A) Thermal energy of air molecules (р) 0.02 eV 
at room temp. 

(B) Binding energy of heavy nuclei (9) 26V 
per nucleon 

(C) X-ray photon energy (0 10 keV. 

(D) Photon energy of visible light (5) 7 MeV. 
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‘True False Type 


‘This section contains true false type questions. 
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919. A conducting rod AB moves parallel to the z- 
axis in a uniform magnetic field pointing in the 2 direc- 
tion, The end A of the rod gets positively charged. 


ogo o 


zs 


oho o 
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920. At a given temperature, the specific heat of a gas 
at a constant pressure is always greater than its specific 
heat at constant volume. 
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921. In a Young's double slit experiment performed 
with a source of white light, only black and white fringes 
are observed. 
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922. The rms speed of oxygen molecules (Оз) at a 
certain temperature T (degree absolute) is v. If the 
‘temperature is doubled anc oxygen gas dissociates into 
atomic oxygen, the rms speed remains unchanged. 
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Descriptive 


There are descriptive questions in this section. 
Solve all of them. 
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Q23. Two long straight parallel wires are 2 m apart, 
perpendicular to the plane of the paper. The wire А 
carries а current. of 9.6 A, directed into the plane of 
paper. The wire В carries а current such that the mag- 
netic field of induction at the point P, at a distance of 


30 m from the wire B, is zero. Find, 


(a) The magnitude and direction of the current in В. 

(b) The magnitude of the magnetic field of induction 
at the point S. 

(c) The force per unit length on the wire B. 
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924. А triode has plate characteristics in the form of 
parallel lines in the region of our interest. At a grid 
voltage of —1 V the anode current 7 (in mA) is given 
in terms of plate voltage V by the algebraic relation: 
1 =0.125V — 7.5. For grid voltage of —3 У, the current 
at anode voltage of 300 V is 5 mA. Determine the plate 
nduetance (gm) and the amplifi- 
cation factor (и) for the triode, 
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925. A block of mass m rests on а horizontal floor 
with which it has a coefficient of static friction и. It i 
desired to make the body move by applying the mini- 
mum possible force F. Find the magnitude of F and 
the direction in which it has to be applied. 
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928. A simple pendulum is suspended from a peg on 
a vertical wall. The pendulum is pulled away from the 
wall to a horizontal position and released (see figure). 
‘The bob hits the wall, the coefficient of restitution being. 
2/5. What is the minimum number of collisions after 
which the amplitude of oscillations becomes less than 
60°, 
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Q27. A small sphere rolls down without slipping from 
the top of a track in a vertical plane. The track has an 
elevated section and a horizontal part. The horizontal 
part is 1.0 m above the ground level and the top of 
the track is 2.6 m above the ground. Find the distance 
on the ground with respect to the point. В (which is 
vertically below the end of the track as shown in the 
figure) where the sphere lends. During its flight as a 
projectile, does the sphere continue to rotate about its 
centre of mass? Explain. 


2.6m 


IIT JEE 1987 Paper 1629 


928. Three point charges р, 24 and 8q are to be placed 
on a 9 em long straight line, Find the positions where 
the charges should be placed such that the potential 
energy of this system is minimum. In this situation, 
what is the electric field at the position of the charge q 
due to the other two charges? 
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929. An ideal gas has a specific heat at constant pres- 
sure Cp = ÈR. The gas is kept in a closed vessel of 
volume 0.0083 m, at a temperature of 300 К and pres- 
sure of 1.6 x 108 N/m?. An amount of 2.49 x 10* J of 
heat energy is supplied to the gas. Calculate the final 
temperature and pressure of the gas. 
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Q30. An infinite ladder network of resistances is con- 
structed with 1 and 2 0 resistances (see figure), The 
GV battery between A and В has negligible internal 
resistance. 


(a) Show that the effective resistance between А and B 
is 2.0. 

(b) What is the current that passes through the 20 
resistance nearest to the battery? 
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931. The following equations represent transverse 
waves: zi = Acos(kr — wt), 22 = Acos(kr + wt), 
2з = Acos(ky — wt). Identify the combination(s) of 
the waves which will produce (a) standing wave(s), (b) 
a wave travelling in the direction making an angle of 
45° with the positive 2 ard positive y-axes. In each 
case, find the position at which the resultant intensity 
always zero. 
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932. A right angled prism is to be made by selecting, 
а proper material and the angles A and В (В < A), 
as shown in the figure. It is desired that a ray of light 
incident on the face AB emerges parallel to the incident 
direction after two internal reflections. 


A B 


с 


(a) What should be the minimum refractive index n for 
this to be possible? 

(b) For n = 5/3, is it possible to achieve this with the 
angle B equal to 30°? 
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Answers 


12. 20 
13. Vor 
14. iL?/(4n) 


17. $m? 
18. Азр, 
Dea 
19. T 
20. T 
21. F 


Bos Cor, 
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22. F 
23. (a) ЗА e 
(b — L3x10T 


(c) 2.88 x 1079 N/m 
24. 8K, 1.25 x 107? A/V, 
100 
25. PEL, tant. 


26. 


27. 2.13 m, yes 

28. (a) 2q and 8q at ends, 
q at 3cm from 2q 
(b) zero 

29. 675 K, 3.6 x 109 N/m? 

30. (b) L5A. 

31. (a) м and zi £ = 
(2n 4- 1) where n 


031,22... (b) a 
and zs т-у 
(2n + 1)g where n = 
0,1,42, 


32. (a) v2 (b) No 
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‘The paper contains questions of (1) single option correct. 
type (2) one or more option(s) correct type (3) fll in 
the blanks type (4) true false type and (5) descriptive 
type. 
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One Option Correct. 


Each question in this section has four options (A). 
(B), (C) and (D). Only one of these four options is cor- 
rect, 
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91. Two thin long parallel wires separated by a dis- 
tance b are carrying a current i ampere each. The mag- 
nitude of the force per unit length exerted by one wire 


on the other is 
(A) SF (B) 800 (C) £i (D) dk 
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92. A tube, closed at one end and containing air, pro- 
duces, when excited, the fundamental note of frequency 
512 Hz. If the tube is opened at both ends the funda- 
mental frequency that can be excited is (in Hz) 

(A) 1024 (B) 512 (C) 256 (D) 128 
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Q3. A hall hits the floor and rebounds after an inelas- 

tic collision. In this case, 

(A) the momentum of the ball just after the collision is 
the same as that just before the collision, 

(B) the mechanical energy of the ball remains the same 
in the collision, 

(C) the total momentum of the ball and the earth 
conserved. 

(D) the total mechanical energy of the ball and the 
earth is conserved. 
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Q4. A shell is fired from a cannon with a velocity v m/s 
at an angle 0 with the horizontal direction, At the high- 
est point in its path it explodes into two pieces of equal 
mass, One of the pieces retraces its path to the cannon. 
‘The speed (in m/s) of the other piece immediately after 
the explosion is 


(A) Зесоч (B) Зисозй (C) Зисоз@ (D) y/Zveoso 
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95. Steam at 100°C is passed into 1.1 kg of water 
contained in a calorimeter of water equivalent 0.02 kg 
at 15 °C till the temperature of the calorimeter and its 
contents rises to 80°C. The mass of the steam con- 
densed (in kg) is 

(А) 0.130 (B) 0.065 (C) 


00 (D) 0.135 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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96. The mass number of a nucleus is 

(A) always less than its atomic number. 

(B) always more that its atomic number. 

(C) sometimes equal to its atomic number. 

(D) sometime more than and sometimes equal to its 
atomic number. 
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Q7. A converging lens is used to form an image on a 
screen, When the upper half of the lens is covered Ву 
an opaave sce. 

(A) half of the image will disappear. 

В) complete image will be formed. 

(C) intensity of the image will increase, 
(D) intensity of the image will decrease. 
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98. A simple pendulum of length | and bob mass m 
is oscillating in a plane about а vertical line between 
angular limits —ó and +9. For an angular displacement. 
0 (0| < 6), the tension in the string and the velocity 
of the bob are T and v, respectively. The following 
relations hold good under the above conditions, 

(A) Teos = mg. 

(B) T — mgcos = mi? jI. 

(C) The magnitude of the tangential acceleration of the 
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Q9. A reference frame attached to the earth 

(А) is an inertial frame by definition, 

(B) cannot. be inertial frame because the earth is re- 
volving around the sun. 

(C) is an inertial frame because Newton's laws are ap- 
plicable in this frame. 

(D) cannot be an inertial frame because the earth 
rotating about its own 
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910. The dimensions of the quantities in one (or more) 
of the following pairs are the same, Identify the pair(s), 


(A) torque and work 

(В) angular momentum and work. 
(С) energy and Young's modulus 
(D) light year and wavelength, 
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Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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Q11. When the number of electrons striking the anode 
of an X-ray tube is inereased the ...... of the emitted 
‘X-rays increases while when the speeds of the electrons 
striking the anode are increased the cut-off wavelength 
of the emitted X-rays 
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912. Two small balls having equal positive charges 
© (coulomb) on each are suspended by two insulating 
strings of equal length Z (metre) from a hook fixed to a 
stand, The whole set-up is taken in a satellite into space 
where there is no gravity (state of weightlessness). The 
angle between the strings is and the tension in 
each string is newton, 
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913. Two simple harmonic motions are represented 
by the equations yı = 1051 (37t + 2/4) and y = 
5 (sin3yt + V3cos3zt). Their amplitudes are in the 
ratio of | 
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914. In Young's double sit experiment, the two slits 
act as coherent sources of equal amplitude A and wave- 
Jength A. In another experiment with the same set-up 
the two slits are sources of equal amplitude A and wave- 
length А, but are incoherent. "The ratio of the intensity 
of light at the mid-point of the screen in the first ease 
to that in the second case is 
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915. Atoms having the same but. different 
are called isotopes 
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Q16. When boron nucleus (19B) is bombarded by nen 
trons, a-particles are emitted. The resulting nucleus 
of the element and Las the mass number . 
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‘True False Type 


‘This section contains true false type questions. 
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Q17. For a diode the variation of its anode current. 
Ja with the anode voltage Va at two different cathode 
temperatures T, and Ta is shown in the figure, The 
temperature Tp is greater than Ty. 


ET 
— h 


т 


Ve 
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918. Ina photoelectric emission process the maximum, 
energy of the photoelectrons increases with increasing 
intensity of the incident light. 
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Q19. A block of ice with a lead shot embedded in it 
is floating on water contained in a vessel. The tem- 
perature of the system is maintained at 0 °C as the ice 
melts, When the ice melts completely the level of water 
in the vessel rises. 
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920. А coil of metal wire is kept stationary in a non- 
uniform magnetic field, An emf is induced in the coil. 
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Q21. A thin uniform circular disc of mass M and 
radius R is rotating in a horizontal plane about an 
axis passing through its centre and perpendicular to 
its plane with an angular velocity о, Another disc of 
the same dimensions but of mass M/4 is placed gently 
on the first disc coaxially. The angular velocity of the 
system now is 2u/ v5. 


IIT JEE 1986 Paper 1062 


922. Two protons A and В are placed in between the. 
two plates of a parallel plate capacitor charged to a 
potential difference V as shown in the figure. The forces 
оп the two protons are identical. 


tarte 
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Descriptive 


There are descriptive questions in this section. 
Solve all of them. 


IIT JEE 1986 Paper 1664 


Q23. A part of circuit in steady state along with the 
currents flowing in the branches, the values of resis- 
tances ete., is shown in the figure. Calculate the energy 
stored in the capacitor C(4 uF). 


1А 
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924. Two tuning forks with natural frequencies of 
340 Hz each move relative to a stationary observer. One 
fork moves away from the observer, while the other 
moves towards him at the same speed. The observer 
hears beats of frequency 3 Hz. 
‘tuning fork. [Speed of sound 
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925. А beam of protons with velocity 4 x 10° m/s en- 
ters a uniform magnetic field of 0.3 T at an angle of 
(60° to the magnetic field. Find the radius of the helical 
path taken by the protons beam. Also find the pitch of 
the helix (which is the distance travelled by a proton 
in the beam parallel to the magnetic field during one 
period of rotation). 


IIT JEE 1986 Paper 1667 


928. Two satellites S; and S revolves around a planet 
in coplanar circular orbits in the same sense, Their 
periods of revolution are 1h and 8 h respectively. The 
radius of the orbit of S is 10% km. When 5 is closest 
to 51, find, 

(a) the speed of S; relative to Sj. 

(b) the angular speed of S; as actually observed by an 

astronant in Sy. 
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Q27. Monochromatic light is incident on a plane inter- 
face AB between two medis of refracti 
па (па > пл) at an angle of 
figure. The angle @ is infinitesimally greater than the 
critical angle for the two media so that total internal 
reflection takes place. Now if a transparent slab DEFG 
of uniform thickness and of refractive index ng is intro- 
duced on the interface (see figure), show that; for any 
value of па all light will ultimately be reflected back 
again into medium II. Consider separately the cases (a) 
ns < m and (b) mg > m. 
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928. A thin tube of uniform cross-section is sealed at 
both ends, It lies horizonsally, the middle 5 em con- 
taining mercury and the two equal ends containing air 
at the same pressure p. When the tube is held at an 
angle 60° with the vertical direction, the length of the 
air column above and below mercury column are 46 cm 
and 44.5 cm respectively. Calculate the pressure p in 
centimetre of mercury. [The temperature of the system 
kept at 30°C] 


IIT JEE 1986 Paper 1670 


929. An electric heater is used in a room of total wall 
area 137 m? to maintain a temperature of +20 °C inside 
it, when the outside temperature is —10 °С. The walls 
have three different layers. The innermost layer is of 
wood of thickness 2.5 cm, the middle layer is of cement 
of thickness 1.0 em and the outermost layer is of brick 
of thickness 25.0 cm. Find the power of the electri 
heater. Assume that there is no heat loss through the 
floor and ceiling. The thermal conductivities of wood, 
cement and brick are 0.125, 1.5 and 1.0 W m7! °C7}, 
respectively. 
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930. А body falling freely from a given height H hits 
an inclined plane in its path at a height A. As а result. 
of this impact the direction of the velocity of the body 
becomes horizontal. For what value of (В/Н) the body 
will take maximum time to reach the ground? 
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931. There is a stream cf neutrons with kinetic en- 
ergy of 0.0327 eV. If the balFlife of neutrons is 700 s, 
what fraction of neutrons will decay before they travel 
a distance of 10 m? 
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Answers 


LB 16. 
2A ar. 
3c 18. 
aA 19. 
5D 20. 
6. CD 2 
T. B, D 2L 
Ee a iind 
. 15 m/s 
SD 25. 1.2 x 107 m, 447 x 10 
1o AD. 26. (a) тх 10* km/h 
11. intensity, decreases (озар rad 
12. 180°, ss 27. See solution 
13. 1:1 28. 75.4 em of Hg 
14.2 29. 9000 W 
15. Atomic Number, 30. 1/2 


Mass Number 31. 396 x 10-9 
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type. 
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One Option Correct. 


Each question in this section has four options (A). 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. The X-ray beam coming from an X-ray tube will. 

be, 

(A) monochromatic. 

(В) having all wavelengths smaller than a certain max- 
imum wavelength. 

(C) having all wavelengths larger than a certain mini- 
mum wavelength. 

(D) having all wavelengths lying between a minimum 
and maximum wavelength. 
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92. A uniform chain of lexgth L and mass M is lying 
on a smooth table and one-third of its length is hanging 
vertically down over the edge of the table. If g is ac- 
celeration due to gravity, the work required to pull the 
hanging part on to the table is 

(A) MgL (В) MgL/3 (C) MgL/9 (D) MgL/18 
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Q3. 70 cal of heat is required to raise the temperature 
of 2 mol of an ideal diatomic gas at constant pressure 
from 30 °С to 35 °С. The amount of heat required to 
raise the temperature of the same gas through the same 
range (30 °С to 35 °С) at constant volume is 
(A) 30 cal (B) 50 cal (C) 70 cal (D) 90 cal 
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94. A rectangular loop carrying a current i is situated 
near a long straight wire such that the wire is parallel 
to one of the sides of the loop and is in the plane of the 
loop. If steady current Г is established in the wire as 
shown in the figure, the locp will 


(A) rotate about an axis parallel to the wire. 
(B) move away from the wire. 

(C) move towards the wire. 

(D) remain stat 
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95. For a given plate volage, the plate current in a 
triode valve is maximum when the potential of 

(A) the grid is positive and plate is negative, 

(В) the grid is zero and plate is positiv 
(C) the grid is negative and plate is positive 
(D) the grid is positive and plate is 
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One or More Option(s) Correct. 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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96. A parallel plate air capacitor is connected to a 
battery. The quantities charge, voltage, electric field 
and energy associated with this capacitor are given by 
Qo, Vo, Eo and Uo, respectively. A dielectric slab is now 
introduced to fill the space between the plates with the 
battery still in connection. The corresponding quan- 
tities now given by Q, V, E and U are related to the 
previous ones as 

(A) Q> Qo (B) V > Vo (C) E> Eo (D) U > Uo 
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Q7. The spring balance A reads 2 kg with a block m 
suspended from it, A balance В reads 5 kg when а 
beaker with liquid is put on the pan of the balance, 
‘The two balances are now so arranged that the hanging 
‘mass is inside the liquid in the beaker as shown in the 
figure. In this situation, 


“p 


(А) the balance A will read more than 2 kg. 

(В) the balance B will read more than 5 kg. 

(C) the balance A will read less than 2 kg and В will 
read more than 5 kg. 

(D) the balance A and В will read 2 kg and 5 kg, re- 
spectively. 
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Q8. A proton moving with a constant velocity passes 
through a region of space without any change in its 
velocity. If E and B represent the electric and magnetic. 
fields, respectively. Then, the region of space may have 


(A) E=0,B=0 (В) B=0,B40 
(C) E40,B=0 (р) E#0,B#0 
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99. An air column in a pipe, which is closed at one 
end, will be in resonance with a vibrating tuning fork of 
frequency 264 Hz, if the length of the column is (Speed 
of sound = 330 m/s.) 

(A) 31.25 сш (В) 62,50 em 

(©) 93.75cm (D) 125 em 
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Fill in the Blank Type 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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910. А convex lens А of focal length 20 cm and a con- 
cave lens B of focal length 5 m are kept along the same 
axis with a distance d between them, Ifa parallel beam 
of light falling on A leaves В as parallel beam, then d 
is equal to ......cm. 
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Q1. Planck's constant has dimensions 
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912. In the uranium radivactive series the initial m- 
cleus is 2810 and the final nucleus is 289Pb. When 
the uranium nucleus decays to lead, the number of a- 
particles emitted is and the number of f-particles 
emitted is ..... 
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Q3. According to Kepler's second law, the radius vec- 
tor to a planet from the sun sweeps out equal areas in 
equal intervals of time. This law is a consequence of the 
conservation of 
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Q14. The variation of temperature of a material as 
heat is given to it at a constant rate is as shown in the 
figure. The material is in solid state at the point О. 
The state of the material at the point P is ...... 
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‘True False Type 


‘This section contains true false type questions. 
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915. A source of sound with frequency 256 Hz is mov- 
ing with a velocity v towards a wall and an observer 
stationary bebween the source and the wall. When the 
observer is between the source and the wall he will hear 
beats. 
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Q16. Two identical trains are moving on rails along 
‘the equator on the earth in opposite directions with the 
same speed, They will exert the same pressure on the 
rails. 
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917. The current-voltage graphs for a given metallic. 
wire at two different temperatures Ту and T are shown 
in the figure, The temperature Tz is greater than Tj. 


1 
n 
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918. A triangular plate of uniform thickness and den- 
sity is made to rotate about an axis perpendicular to 
the plane of the paper and (a) passing through A, (b) 
passing through B, by the cpplication of same force, F, 
at С (mid-point of AB) as shown in the figure. The an- 
gular acceleration in both the cases will be the same. 


a af 
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919. The curves A and В in the figure shows p-V 
graphs for an isothermal and adiabatic process for an 
ideal gas. The isothermal process is represented by the 


curve A, 
v 
Bay 
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920. An electron and a proton are moving with the 
same kinetic energy along the same direction. When 
they pass through а uniform magnetic field perpendic- 
ular to the direction of ther motion, they describe cir- 
cular paths of the same radius. 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them, 
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921. Space is divided by the line AD into two regions. 
Region I is field free and the region П has a uniform 
‘magnetic field B directed into the plane of the paper. 
ACD is a semicircular conducting loop of radius r with 
centre at O, the plane of the loop being in the plane of 
the paper. The loop is now made to rotate with a con- 
stant angular velocity w about an axis passing through 
О and perpendicular to the plane of the paper. The 
effective resistance of the loop is R- 


Region 1) Region I 


c| 


(a) Obtain an expression for the magnitude of the in- 
duced current in the loop. 

(b) Show the direction of the current when the loop is 
entering into the region П. 

(c) Plot a graph between the induced current and the 
time of rotation for two periods of rotation, 
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922. A doubly ionised lithium atom is hydrogen-like 

with atomie number 3. 

(a) Find the wavelength of the radiation required to 
excite the electron in Li?* from the first to the third. 
Bohr orbit. [Ionization energy of the hydrogen atom 
equals 13.6 eV.] 

(b) How many spectral lines are observed in the emis- 
sion spectrum of the above excited system? 
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Q23. Two light springs cf force constant ky and ky 
and a block of mass m are in one line AB on a smooth 
horizontal table such that one end of each spring is fixed. 
оп rigid supports and the cther end is free as shown in 
the figure. ‘The distance CD between the free ends of 
‘the springs is 60 cm. If the block moves along AB with a 
velocity 120 cm/s in between the springs, calculate the 
period of oscillation of the block. [Take ky = 1.8 N/m, 
ka =3.2 N/m, т = 200 g] 
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924. Two fixed, equal, positive charges, each of mag- 
nitude q = 5x 1075 C are located at points A and 
B separated by a distance 6m. An equal and oppo- 
site charge moves towards them along the line COD, 
the perpendicular bisector of the line AB. The moving 
charge, when reaches the point C at a distance of 4 m 
from 0, has a kinetic energy of 4 J. Caleulate the dis- 
tance of the farthest point D which the negative charge 
will reach before returning towards C. 


n 
+4 


+4 
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925. A ball of mass 100 g is projected vertically up- 
wards from the ground with a velocity of 49 m/s. At 
the same time another identical ball is dropped from а 
height of 98 m to fall freely along the same path as that 
followed by the first ball. After some time the two balls. 
collide and stick together and finally fall to the ground. 
Find the time of fight of the masses. 
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928. Two glass bulbs of equal volume are connected 
by а narrow tube and are filled with a gas at 0 °С and. 
pressure T6 em of mercury. One of the bulbs is then 
placed in melting ice and the other is placed in a water 
bath maintained at 62°C. What is the new value of the 
pressure inside the bulbs? The volume of the connecting. 
tube is negligible. 
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927. A string, with one erd fixed on a rigid wall, pass- 
ing over a fixed frictionless pulley at a distance of 2 m 
from the wall, has a point mass M = 2 kg attached to it 
at a distance of 1 m from the wall, A mass m = 0.5 kg 
attached at the free end is beld at rest so that the string 
is horizontal between the wall and the pulley and ver- 
tical beyond the pulley. What will be the speed with 
which the mass M will hit the wall when the mass m 


released? [Take g = 9.8 шу 


[м 
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928. The vibration of a string of length 60 cm fixed 

at both ends are represented by the equation y — 

Asin (=) cos(96nt), where z and y are in cm and t in 

second. 

(a) What is the maximum displacement of a point at 

5cm? 

(b) Where are the nodes located along the string? 

(c) What is the velocity of the particle at x = 7.5 cm 
at t= 0355. 

(d) Write down the equations of the component waves 
whose superposition gives above wave. 


IIT JEE 1985 Paper 1709 


929. A beam of light consisting of two wavelengths, 
6500 А and 5200 A is used to obtain interference fringe 
in a Young's double slit experiment, 

(a) Find the distance of tbe third bright fringe on the 
screen from the central maximum of wavelength 
6500 А. 

(b) What is the least distance from the central maxi- 
mum where the bright fringes due to both the wave- 
lengths coincide? 

‘The distance between the slits is 2 mm and the distance 

between the plane of the sls and the sereen is 120 em. 
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21. (a) 422e (b) anti- 


D 22. (a) 114.15 Å (b) 3 
23. 2.832 


pu 24. From О 848m 


11. (міту 
12. eight, six 


13. angular momentum. s of Hg 
14. partly solid and m/s 

partly liquid 28. (a) 2УЗеш (b) = = 
15. F 0,15 em, 30 em. 
16. F (©) zero (d m = 
iret 2sin (35 — 9671) and 
18. F yo = 2sin (32 + rt) 
19. T 29. (a) 117mm 


20. F (b) 1.56 mm 
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One Option Correct 


Each question in this section has four options (А), 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. Select the correct statement from the following, 

(A) а diode can be used as a rectifier. 

(В) a triode cannot be used as a rectifier. 

(C) the current in a diode is always proportional to the 
applied voltage. 

(D) the linear portion of J-V characteristic of a triode 
is used for amplification without distortion. 
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Q2. A body is moved along a straight line by a machine. 
delivering constant power. The distance moved by the 
body in time t is proportional to 

(A) 8? (B) 18/4 (C) PP? (D) 2 
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Q3. Two equal negative charges —q are fixed at points 
(0,—a) and (0,а) on y-axis. A positive charge Q 
released from rest at the point (2a,0) on the z-axis 
The charge Q will 

(A) execute SHM about the origin. 

(B) move to the origin and remain at rest. 

(C) move to infinity. 

(D) execute oscillatory but not SHM. 
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Q4. A transverse wave is described by the equation 
y = yosin (27 (ft — 2/2). The maximum particle ve- 
locity is equal to four times the wave velocity if 

(A) A=7y/4 (В) А = туо/2 

(С) A= туо (D) E 
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Q5. At room temperature, the rms speed of the 
molecules of a certain diatomic gas is found to be 
1930 m/s. The gas is 

(A) Ha (B) Ез (C) Оз (D) Clo 
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One or More Option(s) Correct 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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Q6. L, C and R represents the physical quantities in- 
ductance, capacitance and resistance, respectively. The 
combination(s) which have the dimensions of frequency 
is (are) 

(A) 1/(RC) (B) R/L (©) 1/VEC (D) C/L 
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От. White light is used to illuminate the two slits in 
a Young's double slit experiment, The separation be- 
tween the slits is b and the screen is at a distance d (>> b) 
from the slits, At a point on the screen directly in 
front of one of the slits, certain wavelengths are miss- 
ing. Some of these missing wavelengths are 

(A) л= 8 (В) A- 29 (C) a- E (D) Ac 3E 
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98. From the following equations pick out the possible 

nuclear fusion reactions, 

(A) CP + 1Н! — qCH + 1.3 MeV 

(B) еС12 + 1Н! + ;N5 +2 MeV 

(C) 91 + ,H! — s0% +73 MeV 

(D) 20285 + on! — s Xel9 + заем + 29n! + y+ 
200 MeV 
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Q9. In the Bohr’s model of the hydrogen atom, 

(А) the radius of the п® orbit is proportional to ni 

(В) the total energy of the electron in the n^ orbit 
inversely proportional to n. 

(C) the angular momentum of the electron in an orbit 
is an integral multiple of h/7. 

(D) the magnitude of the potential energy of the elec 
tron in any orbit is greater than its kinetic energy. 


IIT JEE 1984 Paper i74 


Fill in the Blank Туре 


‘There are fill in the blank type questions in this 
section. Each question is of two marks. 
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910. One mole of a monatomic ideal gas is mixed with 
one mole of a diatomic ideal gas. The molar specific 
heat of the mixture at constant volume is ....... 
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Q11. Four persons K, L, M, N are initially at the four 
corners of a square of side d. Each person now moves 
with a uniform speed v in such а way that К always 
moves directly towards L, L directly towards M, M di- 
realy towards N and N directly toyane X, The four 
persons will meet at a time . 
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912. А block of mass 1 kg lies on a horizontal surface 
in a truck, The coefficient of static friction between the 
block and the surface is 0.6, If the acceleration of the 
truck is 5 m/s?, the frietioral force acting on the block 
Bess N. 
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913. А uniform cube of side a and mass m rests on a 
rough horizontal table, A horizontal force F is applied 
normal to one of the faces at a point that is directly 
above the centre of the face, at a height 3a/4 above 
the base. The minimum value of for which the cube. 
begins to tip about the edge is (Assume that the 
cube does not slide.) 
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914. The numerical value of the angular velocity of 
rotation of the earth should be ...... rad/s in order 
to make the effective acceleration due to gravity at the 
equator equal to zero, 
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915. А neutron, a proton, an electron and an alpha 
particle enter a region of constant magnetic field with 
equal velocities, The magnetic field is along the inward 
normal to the plane of the paper. The tracks of the 
particles are labeled in the figure. The electron follows 
track ...... and the alpha particle follows track . 
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916. Figure shows lines of constant potential in a re- 
zion in which an electric field is present, The values of 
the potential of each line is also shown. Of the points 
А, В and С, the magnitude of the electric field is the. 
greatest at the point ...... 
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Q17. Five identical capacitor plates, each of area A, 
are arranged such that adjacent plates are at a distance 
d apart, the plates are connected to a source of emf V 
as shown in the figure. The charge on plate 1 is 

and on plate 4 is 


1 23] {5 
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Q18. The maximum kinecic energy of electron emit- 
ted in the photoelectric effect is linearly dependent on 
the ...... of the incident radiation. 
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Q19. Sound waves of frequency 660 Hz fall normally 
on a perfectly reflecting wall. The shortest distance 
from the wall at which the air particles have maximum 
amplitude of vibration is m. [Speed of sound 
—330m/s] 
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True False Type 


This section contains true false type questions. 
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920. Two slits in a Young's double slit experiment. 
are illuminated by two different sodium lamps emitting 
light of the same wavelength, No interference pattern 
will be observed on the screen. 


IIT JEE 1984 Paper 1737 
921. A projectile fired from the ground follows a 
parabolic path. The speed of the projectile is mini- 
mum at the top of its path. 
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922. The pulley arrangements of figure (a) and (b) 
are identical. The mass of the rope is negligible. In 
figure (a) the mass m is lifted up by attaching a mass 
2m to the other end of the rope. In figure (b), m 

lifted up by pulling the other end of the rope with a 
constant downward force P = 2mg. The acceleration 
of m is the same in both cases. 

ee 


В 
ГЕЯ 


w [7] 
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Q23. A plane wave of sourd travelling in air is incident 
upon а plane water surface. The angle of incidence is 
660°, Assuming Snell's law so be valid for sound waves, 
it follows that the sound wave will be refracted into 
water away from the normal 
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924. A simple pendulum with a bob of mass m swings 
with an angular amplitude of 40°, When its angular 
displacement is 20°, the tension in the string is greater 
than my cos 20°. 
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925. It is possible to put an artificial satellite into 
orbit in such a way that it will always remain directly 
over New Delhi. 
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Descriptive 


There are descriptive questions in this section. 
Solve all of them. 
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Q26. A particle of mass m = 16x 10727 kg and 
charge q = 1.6 x 10719 С enters a region of uniform 
magnetic field of strength 1 T along the direction shown 
in figure. The speed of the particle is 107 m/s. 


e 
P| 


| 


(a) The magnetic field is directed along the inward nor- 
mal to the plane of paper. The particle leaves the 
region of the field at the point F. Find the distance 
EF and the angle 0. 

(b) If the direction of the field is along the outward 
normal to the plane of paper, find the time spent 
by the particle in the region of the magnetic field 
after entering it at E. 
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927. А wooden plank of length 1 m and uniform cross- 
section is hinged at one end to the bottom of a tank as 
shown in the figure, The tank is filled with water upto 
a height 0.5 m. The specific gravity of the plank is 0.5. 
Find the angle 0 that the plank makes with the vertical 
in the equilibrium position, [Exelude the case 0 = 09.) 
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928. А particle is projected at time t = 0 from a point 
Р on the ground with a speed vo, at an angle of 45° to 
the horizontal. Find the magnitude and direction of 
the angular momentum of the particle about P at time 
t= volg. 
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929. Two bodies А and В of masses m and 2m respec- 
tively are placed on a smooth floor. They are connected 
by a spring. A third body C of mass m moves with a 
velocity по along the line joining A and В and collides 
elastically with А as shown in the figure. At a certain 
instant of time fo after collision, it is found that the 
instantaneous velocities of 4 and В are the same. Fui 
ther, at this instant the compression of the spr 
found to be zy. Determine (a) the common velocity of 
A and В at time to, and (b) the spring constant. 
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Q30. In the circuit shown in figure E, F, G, H are cells 
of emf 2, 1, 3 and 1 V, respectively and their internal 


resistances are 2, 1, З and 1 0, respec Calculate, 
Е 
А в 
вт 29, Lu 
D e 
6 


(a) the potential difference between В and D. 
(b) the potential difference across the terminals of each 
of the cells G and H. 
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Q31. A steel wire of length 1 m, mass 0.1 kg and uni- 
form cross-sectional area 10-9 m? is rigidly fixed at 
both ends. The temperature of the wire is lowered 
by 20°C. If transverse waves are set-up by pluck- 
ing the string in the middle, calculate the frequency 
of the fundamental mode of vibration. [Given Yate 
2x 10" N/m, анна = 1.21 x 10-5 /°СЈ] 
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932. A uniform rope of length 12 m and mass 6 kg, 
hangs vertically from a rigid support. A block of mass 
2 kg is attached to the free end of the rope. A transverse 
pulse of wavelength 0.06 m is produced at the lower end 
of the rope. What is the wavelength of the pulse when 
it reaches the top of the rope? 
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933. The ionization energy of a hydrogen like Bohr 
atom is 4 Rydberg. 

(a) What is the wavelength of the radiation emitted 
when the electron jumps from the first excited state 
to the ground state? 

(b) What is the radius of the first orbit for this atom? 
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934. A plano-convex lens has a thickness of 4 cm. 
When placed on а horizontal table, with the curved 
surface in contact with it, the apparent depth of the 
bottom most point of the lens is found to be 3 em. If 
the lens is inverted such that the plane face is in con- 
tact with the table, the apparent depth of the centre of 
the plane face of the lens is found to be 25/8 cm. Find 
the focal length of the lens. [Assume thickness to be 
ible while finding its focal length.] 
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935. The rectangular bor shown in the figure has a 
partition which can slide without friction along the 
length of the box. Initially each of the two cham- 
bers of the box has one mole of a monatomic ideal gas 
(y — 5/3) at a pressure ро, volume Vo and temperature 
To. The chamber on the lef is slowly heated by an elec- 
tric heater. The walls of the box and the partition are 
thermally insulated. Heat loss through the lead wi 
of the heaters is negligible. The gas in the left chamber 
expands pushing the partition until the final pressure 
in both chambers become 243pp/32. Determine (a) the 
final temperature of the ges in cach chamber, and (b) 
the work done by the gas in the right chamber. 
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25. F 
26. (a) Olim, 45° 
(b) 4.71 x 10™ s 


27. 45° 
28. -mik 
29. (a) $ (b) ang 
30. a) ВУ BV 
n 
31. 11 Hz 
15. D, B 32. 012m 
16. B 33. (a) 30.4 nm (b) 0.2645 1 
17. 94У, 294и 34. 75cm 
18. Frequency 35. (a) Тр = 12.947, 
19. 0.125 T, = 25h 


20. T (b) —1.875RTo 
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One Option Correct 


Each question in this section has four options (А), 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. If elements with principal quantum number n > 
4 were not allowed in nature, the number of possible 


elements would be 
(A) 60 (B) 32 (C) 4 (D) 64 
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92. A river is flowing from west to east at a speed of 
5 m/min. A man on the south bank of the river, capable 
of swimming at 10 m/min in still water, wants to swim 
across the river in the shortest time, He should swim 
in a direction. 

(A) due north (B) 30° east of north 

(C) 30° west of north (D) 60° east of north 
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93. A thin circular ring of mass M and radius r 
rotating about its axis with a constant angular velocity 
w. Two objects, each of mass m, are attached gently to 
the opposite ends of a diameter of the ring. The wheel 
now rotates with an angular velocity 


(A) AS (В) 90529 (С) GAG (p) ао 
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Q4. If gis the acceleration due to gravity on the earth's 
surface, the gain in the potential energy of an object of 
mass m raised from the surface of the earth to a height. 
equal to the radius R of the earth, is 

(A) той (B) 2mgR (C) mgR (D) тов 
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95. A U-tube of uniform cross-section is partially filled 
with a liquid I. Another liquid II which does not mix 
with liquid I is poured into one side, It is found that 
the liquid levels of the two sides of the tube are same, 
while the level of liquid I has risen by 2cm. If the 
specific gravity of the liquic Lis 1.1, the specific gravity 
of liquid TI must be 


п 


(A) 112 (B) 1.1 (C) 105 (D) 10 
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Q6. A conducting circular loop of radius r carries a 
constant current i, It is placed in a uniform magnetic 
field By such that Bo is perpendicular to the plane of 
the loop, The magnetie force acting on the loop is 

(A) "Во (В) 2xirB (C) zero (D) rir By 
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Q7. A hollow metal sphere of radius 5 cm is charged 
such that the potential on its surface is 10 V. The po- 
tential at the centre of the sphere is 

(A) zero. 

(B) 10 V. 

(C) same as at a point 5 cm away from the surface. 
(D) same as at a point 25 em away from the surface. 
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Q8. The current i in the circuit (see figure) is 


(A) 1/45 A. (B) 1/15 A (C) 1/10 A (D) 1/5A 
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Q9. A ray of light from denser medium strikes a rarer 
medium at an angle of incidence i (see figure). The 
reflected and refracted rays make an angle of 90° with 
each other. The angles of reflection and refraction are 
r and r^. The critical angle is 


(A) sin"! (tanr) (В) sin! (coti) 
(C) sin (tanr') (0) tan? (sini) 
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Q10. Beta rays emitted by a radioactive material are 


(A) electromagnetic radiation. 

(В) the electron orbiting around the nucleus. 
(C) charged particles emitted by the nucleus 
(D) neutral particle. 
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Q11. Consider the spectral line resulting from the 
transition n = 2 to n = 1 in the atoms and ions given 
below. The shortest wavelength is produced by 

(A) hydrogen atom, 
(B) deuterium atom. 
(C) singly ionized helium. 
(D) double ionized lithium. 
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Q12. The equation 41H + {Не + 2e~ + 26 MeV, 
represents 
(A) -decay (В) y-decay (C) fusion (D) fission 
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913. An ideal monatomic gas is taken round the cycle. 
ABCDA as shown in the p-V diagram (see figure). The 
work done during the cycle is 


(A) pV (B) 2V (C) 20У (D) zero 
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Fill in the Blank Type 


There are fill in the blank type questions in this 
section. Each question is of two marks. 
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914. А light wave of frequency 5 x 10" Hz enters a 
medium of refractive index 1.5. In the medium the ve- 
locity of light wave is and its wavelength i 
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915. A particle moves in a circle of radius R. In half 
the period of revolution its displacement is ...... and 
distance covered is 
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Q16. A travelling wave has the frequency v and the 
particle displacement amplitude A. For the wave the 
particle velocity amplitude is ...... and the particle 
acceleration amplitude ів... 
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Q17. To produce characteristic X-rays using a tung- 
sten target in an X-ray generator, the accelerating volt- 
age should be greater than ......V and the energy of 
the characteristic radiation is ......eV. [The binding 
energy of the innermost electron in tungsten is 40 keV. 
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Q18. The radioactive decay rate of a radioactive ele- 
ment is found to be 10% disintegration per second at a 
certain time. If the halflife of the element is one sec- 
ond, the decay rate after one second is and after 
three seconds i 
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Matrix or Matching Type 


‘This section contains matrix-matching type ques- 
tions. 
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Q19. Match the physical quantities given in Column I 
with dimensions expresses in terms of mass (M), length 
(L), time (T), and charge (Q) given in Column I. 


Column 1 Column II 
p) M 12 T2] 


(A) Angular Momentum 


( 
(В) Latent Heat (9) [M L? Q?] 
(C) Torque (0) [M L2 T4] 
(D) Capacitance (s) M т 
Ql 
(E) Inductance (t) [M p? та 


(F) Resistivity (u) IL? T2] 
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True False Type 


This section contains true false type questions. 
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920. There is no change in the energy of a charged 
particle moving in magnetic field although a magnetic 
force is acting on it, 
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921. Water in a closed tube (see figure) is heated with 
one arm vertically placed above a lamp. Water will 
begin to circulate along tbe tube in counter-clockwise. 
direction. 
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922. Two balls of different masses are thrown verti- 
cally upwards with the same speed. They pass through 
the point of projection in their downward motion with 
the same speed. [Neglect air resistance] 
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923. A barometer made of a very narrow tube (see 
figure) is placed at normal temperature and pressure. 
‘The coefficient of volume expansion of mercury 
0.00018 /°C and that of the tube is negligible, The 
temperature of mercury in the barometer is now raised 
by 1°C but the temperature of the atmosphere does 
ange. Then, the mercury height in the tube re- 
ns unchanged. 


Vacuum 


IIT JEE 1983 Paper 1783 


924. A charged particle enters a region of uniform 
magnetic field at an angle of 85° to the magnetic lines 
of force, The path of the particle is a circle, 


IIT JEE 1983 Paper 1784 
925. A small metal ball is suspended in a uniform 
electric field with the help of an insulated thread. If 
high energy X-ray beam fells on the ball, the ball will 
bbe deflected in the direction of the field. 
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928. Two identical metallic spheres of exactly equal 
masses are taken, One is given a positive charge Q 
coulomb and the other an equal negative charge, Their 
masses after charging are different, 
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927. A convex lens of focal length Im and concave 
lens of focal length 0.25 m are kept 0.75 m apart, А 
parallel beam of light first passes through the convex 
Jens, then through the concave lens and comes to а focus. 
0.5 m away from the concave lens 
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928. A beam of white light passing through a hollow 
prism gives no spectrum. 
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929. The ratio of the velocity of sound in hydrogen 
gas (5 — 7/5) to that in helium gas (7 = 5/3) at the 
same temperature is y/21 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them, 
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930. А sonometer wire under tension of 64 N vibrat- 
ing in its fundamental mode is in resonance with a 
vibrating tuning fork, The vibrating portion of the 
sonometer wire has a length of 10 cm and mass of 1 g. 
‘The vibrating tuning fork is now moved away from the 
vibrating wire with a constant speed and an observer 
standing near the sonometer hears one beat per sec 
ond. Calculate the speed with which the tuning fork 
moved, if the speed of sound in air is 300 m/s. 
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Q31. A square metal wire loop of side 10 cm and re- 
sistance 1 €) is moved with a constant: velocity vo in a 
‘uniform magnetic field of induction В = 2 Wb/m? as 
shown in the figure, The magnetic field lines are per- 
pendicular to the plane of the loop (directed into the 
paper). ‘The loop is connecied to а network of resistors 
each of value 3 0. What should be the speed of the loop 
so as to have a steady current of 1 mA in the loop? Give 
the direction of current in the loop. 
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932. A block of mass M with semicircular track of 
radius R rests on а horizontal frictionless surface, А 
uniform cylinder of radius r and mass m is released 
from rest at the top point A (see figure). The cylinder 
slips on the semicircular frictionless track. How far has 
the block moved when the cylinder reaches the bottom 
(point В) of the track? How fast is the block moving 
when the cylinder reaches the bottom of the track? 
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933. А 0.5 kg block slides from the point A (sce fig- 
ure) on a horizontal track with an initial speed of 3 m/s 
towards a weightless horizontal spring of length 1 m and 
force constant 2 N/m. The part AB of the track is fric- 
tionless and the part BC has the coefficients of static 
and kinetic friction as 0.22 and 0.2 respectively. If the 
distances AB and BD are 2 m and 2.14 m respectively, 
find the total distance through which the block moves 
before it comes to rest completely. [Take g = 10 m/s? | 
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934. In Youngs double slit experiment using 
monochromatic light the fringe pattern shifts by a cer- 
tain distance on the screen when a mica sheet of refrac- 
tive index 1.6 and thickness 1.964 um is introduced in 
the path of one of the interfering waves. The mica sheet 
is then removed and the distance between the slits and 
the screen is doubled. It is found that the distance be- 
tween successive maxima (or minima) now is the same 
as the observed fringe shift apon the introduction of the 
mica sheet. Calculate the wavelength of the monochro- 
matic light used in experiment. 


IIT JEE 1983 Paper 1705 


935. Ultraviolet light of wavelength 800 A and 700 A 
when allowed to fall on hydrogen atoms in their ground 
state is found to liberate electrons with kinetic en- 
ergy 1.8 eV and 4.0 eV respectively. Find the value of 
Planck's constant? 
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Q36. One gram mole of oxygen at 27 °С and one at- 
 mospheric pressure is enclosed in a vessel. (a) Assuming. 
the molecules to be moving with tyme, find the number 
of collisions per second which the molecules makes with. 
опе square metre area of vessel. (b) The vessel is next 
thermally insulated and moved with constant speed vo. 
It is then suddenly stoppel. The process results in a 
ise of the temperature of the gas by 1*C. Calculate 
the speed vo. 
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937. The figure shows two identical parallel plate 
capacitors connected to a battery with the switch S 
closed, The switch is now opened and the free space be- 
tween the plates of the capacitors is filled with a dielec- 
tric of dielectric constant. (or relative permittivity) 3. 

Find the ratio of the total electrostatic energy stored in 
both capacitors before and after the introduction of the 
dielectric. 


ale sle 
| 
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Answers. 


LA 20. T 

2A 21. F 

we) 2T 

aA 23. F 

BOB 24. F 

в. с 25. T 

7. B por 

E 27. F 

ioa 28. T 

mi 29. F 

Es р 30. 0.75 m/s 

13. А 31. 0.02 m/s, — induced 

14.2x10 m/s 4x 077 ы, Current is clockwise 

15. 2RR 32. em 

16. 2nvA, 12024 33. 424 ш 

17. 40 х 10%, 30x (9 — 34. 5802 А 

18. 500 dps, 125 dps 35. 6.6 x 1079 Js 

19. Avr, Biu, 36. (a) — 190x107 /s 
Cop, Det (b) 36 m/s 


Esq Fs 37. 3/5 
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One Option Correct 


Bach question in this section has four options (A), 
(B), (C) and (D). Only one of these four options is cor- 
rect, 
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91. A convex lens of focal length 40 em is in contact 
with a concave lens of foccl length 25 em. The power 
of the combination is 

(A) —L5D (В) -65D (C) +650 (D) +6.67D 
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Q2. A magnetic needle is kept in a non-uniform mag- 
netic field. Tt experiences 

(A) a force and a torque 

(B) a force but not a torque 

(C) a torque but not a force 

(D) neither a force nor a torque 
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93. A body floats in a liquid contained in a beaker. 
‘The whole system as shown in the figure, falls freely 
under gravity. The upthrust on the body is 


(A) zero. 

(B) equal to the weight of the liquid displaced. 

(C) equal to the weight of the body in air. 

(D) equal to the weight of the immersed portion of the 
body. 
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94. Two particles А and В initially at rest, move to- 
wards each other by mutual force of attraction, At the 
instant when the speed of A is v and the speed of B 
2v, the speed of the centre of mass of the system is 
(A) 3v (B) v (C) 1.50 (D) zero 
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95. In the arrangement shown in the figure the end P 
and Q of an unstretchable string move downwards with 
uniform speed U. Pulleys A and В are fixed. Mass M 
moves upwards with a speed 

(A) 20 cos@ (B) U/ cos (C) 2U/ cos (D) U cos 
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Q6. A particle is moving eastwards with a velocity of 
5m/s. In 105 the velocity changes to 5 m/s north- 
wards. The average acceleration in this time is 

(A) zero. 

(B) Jy m/s? towards north-east. 

(С) Jy m/s? towards north-west. 

(D) 1/2 m/s? towards north. 
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QT. The shortest wavelength of X-ray emitted from an 
X-ray tube depends on 

(A) the current in the tube. 

(B) the voltage applied to the tube, 

(C) the nature of the gas in tube. 

(D) the atomic number of the target material. 
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One or More Option(s) Correct. 


Each question in this section has four options (A), 
(B), (C) and (D). One or more than one of these four op- 
tion(s) is(are) correct. Each question is of two marks. 
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Q8. In the Young's double slit experiment, the inter- 

ference pattern is found to have an intensity ratio be- 

‘tween the bright and dark fringes as 9. This implies 

that 

(A) the intensities at the screen due to the two 
5 units and 4 units respectively. 

(B) the intensities at the screen due to the two slits are 
А units and 1 units respectively. 

(C) the amplitude ratio is 3. 

(D) the amplitude ratio is 2. 


lits are 
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Q9. A wave equation which gives the displacement. 

along the y direction is given by: у = 107 sin(60t 4-27) 

where z and y are in metre and t is in second. This 

represents a wave 

(A) travelling with a velocity of 30 m/s in the negative 
direction, 

(B) of wavelength т m. 

(С) of frequency 30/m Hz. 

(D) of amplitude 10-4 m > 
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910. The threshold wavelength for photoelectric emis- 
sion from a material is 5200 А. Photoelectrons will 
be emitted when this material is illuminated with 
‘monochromatic radiations fom a. 

(A) 50 W infrared lamp 

B) 1 W infrared lamp 

(C) 50W ultraviolet lamp 

D) 1 W ultraviolet lamp 
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True False Type 


This section contains true false type questions. 
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Q11. The volume V versus temperature T graphs for 
а certain amount of a perfect gas at two pressure py and 
ра аге as shown in the figure, It follows from the graphs 
that py is greater than pz- 
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912. Two different gases at the same temperature 
have equal rms velocities 
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913. Electrons in a conductor have no motion in the. 
absence of a potential difference across it. 


IIT JEE 1982 Paper 1817 


Descriptive 


There are descriptive questions in this section. 
Solve all of them. 
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914. Two blocks А and В are connected to each other. 
bby a string and а spring; the string passes over а fric- 
tionless pulley as shown in the figure, Block B slides 
over the horizontal top surface of a stationary block C 
and the block А slides along the vertical side of C, both 
with the same uniform speed. The coefficient of friction 
between the surfaces of blocks is 0.2. Force constant. 
of the spring is 1960 N/m. If mass of block A is 2 kg, 
calculate the mass of the block B and the energy stored 
in the spring. 
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Q15. Write the dimensions of (a) Magnetic flux and 
(b) Rigidity modulus, in terms of mass (M), time (T), 
Jength (L) and charge (Q). 
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916. Three particles A, В and C of equal mass move 
with equal speed v along the medians of an equilateral 
triangle as shown in the figure. They collide at the 
centroid G of the triangle, After the collision, A comes 
to rest, B retraces its path with the speed v. What is 
the velocity of C? 


IIT JEE 1982 Paper 1821 
Q17. Particles P and Q of mass 20 g and 40 g respec- 


tively are simultaneously projected from points А and В 
on the ground, The initial velocities of P and Q makes 
45° and 135° angles respectively with the horizontal AB 
as shown in the figure. Back particle has an initial speed 
of 49 m/s. ‘The separation AB is 245 m. Both particles 
travel in the same vertical plane and undergo a collision. 
After the collision, P retraces its path, Determine the 
position of Q where it hits the ground. How much time 
after the collision does the particle Q take to reach the 
ground? [Take g = 9.8 m/s* | 


& 135 
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918. A thin fixed ring of radius 1m has a positive 
charge 1x 1075 С uniformly distributed over it, А 
particle of mass 0.9 g and having а negative change of 
1х 10-5 C is placed on the axis at a distance of 1 em 
from the centre of the ring. Show that the motion of 
the negatively charged particle is approximately simple 
harmonic. Calculate time period of oscillations. 
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919. Three identical closed coils A, В and C are 
placed with their planes parallel to one another, Coi 
А and C carry equal currents as shown in the figure. 
Coils В and C are fixed in position and coil A is moved 
towards B with uniform motion. Is there any induced 
current in B? If no, give reasons. If yes, mark the di- 
rection of the induced current 
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920. A particle of mass 1x107 kg and charge 
+1.6 x 10719 C traveling with a velocity 1.28 x 10° m/s 
in the +z direction enters a region in which a uniform 
electric field E and a uniform magnetic field of induc- 
tion B are present such that E, = E, = 0, E, = 
—1024 kV/m and B, = B. = 0, В, = 8x 10? T. 
‘The particle enters this region at the origin at time 
0. Determine the location (7, y, =) of the particle at 
5% 1075 s, If the electric field is switched off at thi 
instant (with the magnetic field still present), what will 
be the position of the particle at £ = 7.45 x 1076 s? 
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Q1. Two resistors, 400 © and 800 © are connected in 
series with a 6 V battery. It is desired to measure the 
current in the circuit, An ammeter of 10 © resistance 
is used for this purpose. What will be the reading in 
the ammeter? Similarly, if a voltmeter of 1000 Q resis- 
tance is used to measure the potential difference across 
‘the 400 © resistor, what will he the reading in the volt- 
meter? 


IIT JEE 1982 Paper 1826 
922. A steady current passes through a cylindrical 
conductor. Is there an electric field inside the conduc- 
tor? 
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923. Calculate the steady state current in the 2 © re- 
sistor shown in the circuit (see figure). The internal 
resistance of the battery is negligible and the capaci- 
tance of the condenser is 02 uF. 


2 
En 

$ ® 

38i 
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924. А string 25 em long and having a mass of 2.5 g is 
under tension. A pipe closed at one end is 40 cm long. 
When the string is set vibrating in its first overtone 
and the air in the pipe in its fundamental frequency, 
8 beats/s are heard. It is observed that decreasing the 
tension in the string decreases the beat frequency. If 
‘the speed of sound in air is 320 m/s find the tension in 
the si 
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925. Screen 5 is illuminated by two point sources A 
and B. Another source C sends a parallel beam of light 
towards point P on the screen (see figure). Line AP is 
normal to the screen and the lines AP, BP and CP are 
in one plane. The distances AP, BP and CP are 3m, 
15m and 1.5 m. The radiant powers of sources A and 
B are 90 W and 180 W respectively. The beam from. 
C is of intensity 20 W/m?, Calculate intensity at Р on 
the screen. 


IIT JEE 1982 Paper 1830 
Q26. A solid sphere of copper of radius R and a hollow 
sphere of the same materia: of inner radius r and outer 
radius R are heated to the same temperature and al- 
lowed to cool in the same environment, Which of them 
starts cooling faster? 
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927. Calculate the work cone when one mole of a per- 
fect gas is compressed adiabatically. The initial pressure 
and volume of the gas are 10° N/m? and 6 litre respec- 
tively, The final volume of the gas is 2 litte, Molar 
specific heat of the gas at constant volume is 38/2. 
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928. A uranium nucleus, 580, emits an alpha particle 
and the resulting nucleus emits 6-particle, What are the 
atomic number and mass number of final nucleus? 
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929. How many electrons, protons and neutrons are 
there in a nucleus of atomie number 11 and mass num- 
ber 247 
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Q30. Hydrogen atom in its ground state is excited by 
means of monochromatic radiation of wavelength 975 А. 
How many different lines are possible in the resulting 
spectrum? Calculate the longest wavelength amongst 
them, You may assume the ionization energy for hy- 
drogen atom as 13.6 eV. 
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LA 17. Midway between 4 
2A and B, 3.54 
ЗА 18. 0.628 5 
£D 19. Yes, in the direction. 
Hj A opposite to A. 
eS 20. (6.4 m,0,0), (6.4 1,0,2 
& B,D 21. 4.96 mA, 1.58 V 
9. A, B, C, D 22. yes 
10. ©, D 23. 09А 
1L F 24. 27.01 N 
12. F 25. 13.08 W/m? 
18. P 26. Hollow sphere 
14. 10 kg, 0.098 J d aus 
15. (а) — [мытао 27. 972 
(b) MLATA) 28, 91, 234 


16. v in the direction op- 29. zero, 11, 13 
site to velocity of B. 30. Six, 1.882 um 
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One Option Correct. 


Each question in this section has four options (A). 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. The half-life of the radioactive Radon is 3.8 days. 
‘The time, at the end of which 1/20 th of the Radon sam- 
ple will remain undecayed, is [Given Поро e = 0.434: 


(A) 3.8 days (В) 16.5 days (C) 33 days (D) 76 days 
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92. If the radins of the earth were to shrink by one 
per cent, its mass remaining the same, the acceleration 
due to gravity on the earth's surface would 

(A) decrease (В) remain unchanged 

(C) increase (0) be zero 
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93. The following four wires are made of the same 
material. Which of these will have the largest extension 
‘when the same tension is applied? 

(A) Length = 50 em, diameter = 0.5 mm 

(B) Length = 100 cm, diameter 
(C) Length — 200 em, diameter 
(D) Length — 300 cm, diameter. 
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QA. A vessel containing water is given a constant accel- 
eration a towards the right along a straight horizontal 
path. Which of the following diagrams represent the 
surface of the liquid? 


(A) 
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95. In Young's double slit experiment, the separation 
between the slits is halved and the distance between the 
slits and the screen is doubled. The fringe width is 
(A) unchanged (В) halved 

(C) doubled (D) quadrupled 
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Q6. A glass prism of refractive index 1.5 is immersed 
in water (refractive index 4/3). А light beam incident. 
normally on the face AB is totally reflected to reach the 
face BC if 


(A) sind > 8/9 (B) 2/3 < sind < 8/9 
(C) sing < 2/3 (D) None of these 
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97. The plate resistance of a triode is 3 x 10° Q and 
its mutual conductance is 1.5 x 10-3 A/V. The ampli- 
fication factor of the triode 

(A) 5x 107 (B) 4.5 (C) 45 (D) 2x 10° 
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Q8. A cylindrical tube, open at both ends, has a fun- 
damental frequency J in aic. The tube is dipped verti- 
cally in water so that half of its length is in water. The 
fundamental frequency of the air column is now 

(А) f/2 (B) 3//4 (C) f (D) 2f 
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Q9. An alpha particle of energy 5 MeV is scattered 
through 180° by a fixed uranium nucleus. The distance 
of closest approach is of the order of 

(A) LA (B) 10-10 em (С) 10-12 cm (D) 10-8 em 
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910. In the circuit shown in figure the heat produced 


in the 5 © resistor due to the current flowing through it 
is 10 cal/s. The heat generated in the 4 resistor is 
49. СЯ 
E 


(A) Leal/s (B) 2 eal/s (C) З cal/s (D) 4 eal/s 
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‘True False Type 


‘This section contains true false type questions. 
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Q11. The work done in carrying a point charge from 
one point to another in ar. electrostatic field depends 
on the path along which the point charge is carried. 
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912. When a person walks on a rough surface, the 
frictional force exerted by the surface on the person is 
opposite to the direction of his motion, 
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913. No net force acts on a rectangular coil carrying, 
а steady current when suspended freely in a uniform 
magnetic field. 


IIT JEE 1981 Paper 1853 
Q14. The kinetic energy of photoelectrons emitted by 
а photosensitive surface depends on the intensity of the 
incident radiation, 
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915. The intensity of light at a distance г from the 
axis of a long cylindrical source is inversely proportional 
tor, 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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916. An object is placed 21 cm in front of a concave. 
mirror of radius of curvature 20 cm. А glass slab of 
thickness 3 cm and refractive index 1.5 is placed close 
to the mirror in the space between the object and the 
mirror. Find the position of the final image formed. 
‘The distance of the nearer surface of the slab from the 
mirror is 1.0 em. 
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917. A gas bubble, from an explosion under water, 
oscillates with a period T proportional to pd E*, where 
the static pressure, d is the density of water and Е. 
is the total energy of the explosion, Find the values of 
a, band c. 
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918. Masses Mi, Mz and Ms are connected by strings 
of negligible mass which passes over massless and fric- 
tionless pulleys Pi and P; as shown in figure, The 
masses move such that the portion of the string be- 
tween Py and P is parallel to the inclined plane and 
the portion of the string between P and Mg is hori- 
zontal. The masses Mz and Ms are 4.0 kg each and the 
coefficient of kinetic friction between the masses and the 
surface is 0.25. The inclined plane makes an angle of 
37° with the horizontal. If the mass M; moves down- 
wards with a uniform velocity, find, [Take g = 9.8 m/s? 
837° 23/5] 


mi 


(a) the mass of My, 
(b) the tension in the horizontal portion of the string. 
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919. A lead bullet just melts when stopped by an ob- 
stacle. Assuming that 25 per cent of the heat is ab- 
sorbed by the obstacle, finc the velocity of the bullet if 
its initial temperature is 27°C. [For lead, melting point. 
327 °C, specific heat = 0.03 cal/g-°C, latent heat of 
fusion = 6 cal/g and J = 42 J/cal.] 
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920. А body of mass 1 kg initially at rest, explodes 
and breaks into three fragments of masses in the ratio 1: 
23. The two pieces of equal mass fly-off perpendicular 
to each other with a speed of 30 m/s each, What is the 
velocity of the heavier fragment’? 
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921. A single electron orbits around a stationary m- 
cleus of charge +Ze, where Z is a constant and e is the 
magnitude of the electronic charge. It requires 47.2 eV 
to excite the electron from the second Bohr orbit to the 
third Bohr orbit. Find, 
(a) the value of 2. 
(b) the energy required to excite the electron from the 
third to the fourth Bokr orl 
(<) the wavelength of the electromagnetic radiation re- 
quired to remove the clectron from the first Bohr 
orbit to infinity. 
(d) the kinetic energy, potential energy and the angular 
momentum of the electron in the first Bohr orbit. 
(6) the radius of the first Bohr orbit. 
[The ionization energy of hydrogen atom = 13.6 eV, 
velocity of light in vacuum = 3 х 10% m/s, Bohr 
radius = 53 х 10"! m, and Planck's constant = 
66x 107% Js] 
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922. An ideal gas is enclosed in a vertical eylindri- 
cal container and supports a freely moving piston of 
mass M. The piston and the cylinder have equal cross- 
sectional area A, Atmospheric pressure is po and when 
the piston is in equilibrium, the volume of the gas is V. 
‘The piston is now displaced slightly from its equilib- 
im position. Assuming that the system is completely 
olated from its surroundings, show that the piston ex- 
ecutes SHM and find the frequency of oscillation, 


IIT JEE 1981 Paper 1863 


Q23. Two masses m; and mg are suspended together 
by a massless spring of spring constant $ (see figure). 
When the masses are in equilibrium, mi is removed 
without disturbing the system, Find the angular fre- 
quency and the amplitude of oscillation of ma. 


ІВА aa 
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924. Two identical cylindrical vessels with their bases 
at the same level, each contain a liquid of density p. 
‘The height of the liquid in one vessel is hy and in the. 
other is Ла. The area of either base is A, What is the 
work done by gravity in equalising the levels when the 
two vessels are connected? 
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925. Find the potential difference between the points 
A and В and between the points B and С in the steady 
state (see figure). 
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928. A cyclic process ABCA shown in the V-7' dia- 
gram is performed with a constant mass of an ideal gas, 
Show the same process on a р-у diagram. [In the fig- 
ure, line AB passes through origin.] 
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927. The two rails of a railway track, insulated from 
each other and the ground, are connected to a millivolt- 
meter, What is the reading of the millivoltmeter when 
а train travels at а speed of 180 km/h along the track 
given that the vertical component of earth's magnetic 
field is 0.2 x 10 Wb/m? and the rails are separated 
by 1 m? Track is south to north. 
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928. А potential difference of 600 V is applied across 
the plates of a parallel plate condenser. The sepa- 
Tation between the plates is 3mm. An electron pro- 
jected vertically, parallel to the plates, with a velocity 
of 2 x 10° m/s moves un-deflected between the plates 
Find the magnitude and direction of the magnetic field 
in the region between the condenser plates. [Charge of 
the electron = 1.6 x 1079 C, Neglect the edge effects.] 
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929. A charge Q is distributed over two concentric 
hollow spheres of radii r and R(> r) such that the sur- 
face charge densities are equal. Find the potential at 
the common centre, 
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930. The convex surface of a thin concavo-convex lens 
of glass of refractive index 1.5 has a radius of curvature 
20 сш. The concave surface has a radius of curvature 
60 сш. The convex side is silvered and placed on a 
horizontal surface. 


(a) Where should a pin be placed on the optie axis such 
that its image is formed at the same place? 

(b) IF the concave part is filled with water of refractive 
index 4/3, find the distance through which the pin 
should be moved, so that the image of the pin again 
coincides with the pin, 
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Q31. А source of sound of frequency 256 Hz is moving 
rapidly towards a wall with a velocity of 5 m/s, How 
many beats per second will be heard by the observer on 
source itself if sound travels at a speed of 330 m/s? 
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932. In the circuit shown in figure Ej = 3 V, Ej = 
2V, Es =1V and R . 


и 


By 


(a) Find the potential difference between the points A 
and В and the currents through each branch, 

(b) Lf rz is short circuited end the point А is connected 
to point B, find the currents through Ej, Ex, Ea 
and the resistor А. 
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—680 eV, 
1.09 x 1079 kg n 
(e) 106 x 107? m 


23. u= E 


24. 248 (hy — ha)? 

25. Van = 25 V, Vac 
75V 

26. See solution 

27. 1mV. 

28. 0.1 T, perpendicular 
to paper inwards 


(Ат) 
29. теа) 
30. 


(a) 15 em (b) 1.16 em 

18. (a) 4.2 ky (b) (downwards) 

19. 409.8 m/s 31. 7.88 Hz 

20. 10/2 m/s at 45° 32. (a) 2V, 14,0, 1А 

21.(a) 5 (b) 16.53eV ы (b) LA, ЗА, А, 
(e) 36.53. A(d)340eV, ЗА 


mg 
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One Option Correct. 


Each question in this section has four options (A). 
(В), (C) and (D). Only one of these four options is cor- 
rect, 
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Q1. When a ray of light enters a glass slab from air, 
(A) its wavelength decreases 

(В) its wavelength increases. 

(С) its frequency increases. 

(D) neither its wavelength nor its frequency changes. 
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92. A metal ball immersed in alcohol weighs W; at 
0°C and W at 50°C. Тае coefficient of cubical ex- 
pansion of the metal is less than that of the aleohol. 
Assuming that the density of the metal is large com- 
pared to that of alcohol, it can be shown that. 

(A) Wi> Wa (B) Wi = We 

(C) Wi « Wa (0) АП of these 
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93. Ша machine is lubricated with oil, 

(A) the mechanical advantage of the machine increases, 

(В) the mechanical efficiency of the machine increases. 

(C) both its mechanical advantage and mechanical ef- 
ficiency increases 

(D) its efficiency increases. but its mechanical advan- 
tage decreases. 
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94. Two masses of 1 g and 4 g are moving with equal 
kinetic energies. The ratio of the magnitude of their 


momentum is 
(A) 4:1 (B) 2:1 (C) 1:2 (D) 1:16 
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95. A ship of mass 3 x 107 kg initially at rest, is pulled 
by a force of 5 x 10* N through a distance of 3 m 
suming that the resistance due to water is negli 
the speed of the ship is 

(A) L5 m/s (B) 60 m/s (C) 0.1 m/s (D) 5 m/s 
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96. A block of mass 2 kg rests on a rough inclined 
plane making an angle of 30° with the horizontal. The 
coefficient. of static friction between the block and the 
plane is 0.7. The frictional force on the block is 

(A) 98N (B) 0.7 x 9.8 x V3 N 

(C) 98x V3N (0) 0.7 x 9.8 N 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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Q7. A telescope has an objective of focal length 50 cm. 
and an eyepiece of focal length 5 em. The least distance 
of distinct vision is 25 сш. The telescope is focussed for 
distinct vision on a scale 200 cm away from the objec- 
tive. Calculate (a) the separation between the objective 
and the eyepiece, and (h) the magnification produced 
by the telescope, 
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Q8. A rectangular block of glass is placed on a printed 
page lying on a horizontal surface. Find the minimum. 
value of the refractive index of glass for which the letters 
оп the page are not visible from any of the vertical faces 
of the block. 
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Q9. All resistances in the figure are in 0. Find the 
effective resistance between the points A and B. 
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910. A circular plate of uniform thickness has a di- 
ameter of 56 em, А circular portion of diameter 42 em 
is removed from one edge of the plate as shown in the 
figure. Find the position of the centre of mass of the 
remaining portion. 
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Q11. The displacement г of a particle moving in one 
dimension, under the action of a constant force is re- 
lated to the time t by the equation t = VF + 3, where 
a is in metre and # in second. Find, 

(a) The displacement of the particle when its velocity 
zero, and 

(b) The work done by the force 


the first 6s. 
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912. In the figure (a) and figure (b) AC, DG and GF 
are fixed inclined planes, BC=EF=7 and АВ= DI 

y. A small block of mass m is released from the point. 
A. It slides down AC and reaches С with a speed vc. 
‘The same block is released from rest from the point 
D. It slides down DGF and reaches the point F with 
speed up. The coefficients of kinetic frictions between 
the block and both the surfaces AC and DGF are р. 
Calculate vc and ор. 


s P 
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913. A body of mass 2 kg is being dragged with a 
uniform velocity of 2 m/s cn a rough horizontal plane, 
‘The coefficient of friction between the body and the 
surface is 0.20. Calculate the amount of heat generated 
in 5s. [Given J = 42 J/cal and g = 9.8 m/s] 
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914. Give MKS units for (a) Young's modulus, (b) 
magnetic induction, and (c) power of a lens. 
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LA 9.20 
2c 10. Эсш from centre of 
зв bigger circle 

P 11. (a) zero (b) zero 

5. c = 
вл 

т. (a)70.73 сш (b) m = 


34. (a) N/m%(b) Tesla 
в. v2 (e) m 
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Descriptive 


‘There are descriptive questions im this section. 
Solve all of them. 
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91. A composite rod is made by joining a copper rod, 
end to end, with a second rod of different material but 
of the same cross-section, At 25°C, the composite 
rod is 1m in length, of which the length of the cop- 
per rod is 30 сш. At 125°C the length of the com- 
posite rod increases by 1.91 mm. When the composite 
rod is not allowed to expand by holding it between two 
itid walls, it is found that the length of the two con- 
stituents do not change with rise in temperature. Find 
the Young's modulus and the coefficient of linear ex- 
pansion of the second rod. [For copper, coefficient of 
linear expansion = 1.7 x 1079 /°C, Young's modulus 


13 10 N/n£.] 
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92. What is the relation between the refractive indices 
та and jig? If the behaviour of the light rays is as shown 


in the figure, 
m |e m m |u| pa 
— a 
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Q3. The radius of curvature of the convex face of a 
plano-convex lens is 12 em and its refractive index y 
15. 

(a) Find the focal length of the lens. 

(b) The plane face of the lens is now silvered. At what 
distance from the lens will parallel rays incident on 
the convex surface converge? 

(c) Sketch the ray diagram to locate the image, when 
в point object is placed on the axis 20 cm from the 
Jens. 

(d) Caleulate the image distance when the object is 
placed as in (c) above. 
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94. A copper wire is held at the two ends by rigid 
supports, At 30°C, the wire is just taut, with neg- 
ligible tension, Find the speed of transverse waves in 
this wire at 10°C. [Given, for copper: Young's mod- 
ulus = 1.3 x 109 N/m, ecefficient of linear expansion 
1.7 x 1079 "C7, density = 9 х 10° kg/m$.] 
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95. A 25 W and a 100 W bulb are joined in series and 
connected to the mains. Which bulb will glow brighter? 
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96. A copper wire having cross-sectional area of 
0.5 mm? and a length of 0.1 m is initially at 25 °C and is 
thermally insulated from the surroundings. If a current. 
of 1.0 A is set up in this wire, (a) find the time in which 
the wire will start melting, The change of resistance 
with the temperature of the wire may be neglected. (b) 
What will this time be, if the length of the wire is dou- 
bled? [For Copper, Melting point = 1075 °C, Specific 
resistance = 1.6 x 10-5 Q m, Density = 9 x 10? kg/m, 
Specific heat = 9 x 1072 cal/(kg °С). 
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Q7. A charged particle is free to move in an electric. 
field, It will always move along an electric line of force. 
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98. A pendulum bob of mass 80 mg and carrying a 
charge of 2 x 1075 C is at cest in a horizontal uniform 
electric field of 20000 V/m. Find the tension in the 
thread of the pendulum and the angle it makes with 
the vertical. [Take g = 9.8 m/s2.) 
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Q9. A current from A to B is increasing in magnitude. 
What is the direction of induced current in the loop as 


shown in the figure? 


A 
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910. A boat floating in a water tank is carrying a 
number of large stones. If the stones are unloaded into 
water, then water level will rises up? 
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911. A mass m attached to a spring oscillates with a 
period of 25. If the mass is increased by 2 kg the pe- 
iod increases by 1 s. Find the initial mass m assuming 
Нооке? law is obeyed. 
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912. When a ball is thrown up, the magnitude of it 
momentum decreases and then increases, Does this vi 
olate the conservation of momentum principle? 
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913. A 20g bullet pierces through a plate of mass 
1 kg and then comes to rest inside a second plate. 
of mass та = 2.98 kg as shown in the figure. It is 
found that the two plates initially at rest, now move 
with equal velocities. Find the percentage loss in the 
initial velocity of the bullet when it is between mi and 
ma. Neglect any loss of material of the plates due to 
the action of bullet. Both plates are lying on smooth 
table. 
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Q14. Two blocks connected by a massless string slides 
down an inclined plane having an angle of inclination of 
37°. The masses of the two blocks are m = 4 kg and 
ma = 2kg respectively and the coefficients of friction 
of m, and m with the inclined plane are 0.75 and 0.25 
respectively. Assuming the string to be taut, find (a) 
the common acceleration of two masses, and (b) the 
in the string. [Take sin 37° = 0.6, cos 37° = 0.8, 


9.8 m/s2] 
em 


d 
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Answers 


1. 1405 x 10? N/m?, 
2x10-5 /°С 

2. < pa 

3. (a) 24cm (b) 12cm 
(d) v = —30 cm 

4. 70.08 m/s 

5. 25W 

6. (a) 55.55 s (b) 55.55 s 


1910 


TE 
в. 8.8 x 10-4 N, 27° 
9. Clockwise 

10. F 

11. 16kg 

12. No 

13. 
14. (a) 1.3 m/s? (b) 5.2 N 
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Descriptive 


There are descriptive questions in this section. 
Solve all of them. 
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Q1. A sinker of weight Wo has an apparent weight 
W, when placed in a liquid at a temperature Ty and 
Wa when weighed in the same liquid at temperature 
Ta. The coefficient of cubical expansion of the material 
of the sinker is 8. What is the coefficient. of volume 
expansion of the liquid? 
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92. A room is maintained at 20°C by a heater of re- 
ince 20 €? connected to 200 V mains. The temper- 
ature is uniform throughout the room and the heat 
transmitted through a glass window of area 1 m? and 
thickness 0.2 сш. Calculate the temperature outside. 
‘Thermal conductivity of glass is 0.2 cal m-!s- 1C 
and mechanical equivalent of heat is 4.2 J/cal. 
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93. А ray of light is incident at an angle of 60° on 
one face of a prism which Las an angle of 30°, The ray 
emerging out of the prism makes an angle of 30° with 
the incident ray. Show that the emergent ray is perpen- 
dicular to the face through which it emerges and calcu- 
late the refractive index of the material of the prism. 
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94. А pin is placed 10 cm in front of a convex lens of 
focal length 20 em and made of a material of refractive 
index 1.5, The convex surface of the lens farther away 
from the pin is silvered. Determine the position of the 
final image. Is the image real or virtual? 
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95. A copper wire is stretched to make it 0.1% longer. 
What is the percentage chonge in its resistance? 
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Q6. If each of the resistances in the network shown 
in the figure is R, what is the resistance between the 
terminals A and B? 
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Q7. A heater is designed to operate with a power of 
1000 W in a 100 V line. It is connected in combination 
with a resistance of 10 © ard a resistance R, to a 100 V 
mains as shown in the figure, What will be the value of 
R so that the heater operates with a power of 62.5 W? 


109 в с 
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Q8. A rigid insulated wire frame in the form of a right 
angled triangle ABC, is set in a vertical plane as shown 
in the figure. Two beads of equal masses m each and 
carrying charges qı and дз are connected by a cord of 
length. [ and can slide without friction on the wires. 
Considering the case when the beads are stationary de- 
termine, 


(a) (i) The angle a. 
(ii) The tension in the cord. 
(iii) The normal reaction on the beads, 
(b) If the cord is now cut what are the values of the 
charges for which the beads continue to remain sta- 
tionary? 
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Q9. A column of mercury of length 10 cm is contained 
in the middle of a horizontal tube of length 1 m which + 
closed at both the ends. The two equal lengths contain. 
air at standard atmospheric pressure of 0.76 m of mer- 
cury. ‘The tube is now turned to vertical position. By 
what distance will the column of mercury be displaced? 
Assume temperature to be constant. 
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910. А point mass m is suspended at the end of mass- 
less wire of length Г and cross-sectional area А. МУ 
is the Young's modulus of elasticity of the material of 
the wire, obtain the expression for the frequency of the 
SHM along the vertical line. 
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911. A body of mass m moving with a velocity v in 

the z direction collides with another body of mass M 

moving in the y direction with velocity V. They coa- 

esce into one body during collision. Find, 

(a) The direction and magnitude of the momentum of 
the composite body. 

(b) The fraction of the initial kinetic energy trans- 
formed into heat during the collision. 
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912. In the figure, the blocks A, В and C have masses 
3 kg, 4 kg and 8 kg respectively, The coefficient of slid- 
ing friction between any two surfaces is 0,25. A is held 
at rest by a massless rigid rod fixed to the wall, while 
В and C are connected by a light flexible cord pass- 
ing around a fixed frictionless pulley. Find the force F 
necessary to drag C along the horizontal surface to the 
left at a constant speed. Assume that the arrangement 
shown in the figure ie., Bon C and A on В, is main- 
tained throughout. [Take g= 10 m/s? 
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913. А uniform rope of length L and mass M lying on 
a smooth table is pulled by a constant force F. What 
is the tension in the rope st a distance Г from the end 
where the foree is applied? 


IIT JEE 1978 Paper 1927 


Q14. A block of mass 2 kg slides on an inclined plane 
which makes an angle of 30° with the horizontal. The 
coefficient of friction between the block and the surface. 
is V3/V/2. What force along the plane should be applied 
to the block so that it moves (a) down, and (b) up, 
without any acceleration? [Take g = 10 m/s". 
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Answers 


2. 15.24°C cotum 
3. и=У3 a 
4. 10 cm, real 11. (a) tan? (МУ) with 
5. 0.2% increase. +r, ymo)? + (МУ 
HN UAE 

(b) ccrte] 


752 12. 80N 
8. (a) (i) 60° (i) greg + 13. F(1— t) 
mg (Ш) v3mg, mg 14. (a) 11.21 N (b) 3.21 N 


